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FORAGE POTENTIAL OF SOME ANNUAL NATIVE 
TRIFOLIUM SPECIES IN THE 
ETHIOPIAN HIGHLANDS 
ABSTRACT 
LEVI M. S. AKUNDABWENI 
Under the supervision of Dr. Arvid Boe 
As initial testing, this research aimed to screen, describe and 
evaluate annual native clovers as potential forages. Pure clover 
stands were studied at three Ethiopian highland locations with 
introduced species used for comparison (checks). lntraspecific 
differences in T. tembense were studied as a spaced plant. 
I nterspecific differences were evaluated with and without added 
phosphate on: dry matter yields at different harvest times, self­
reseeding, seed yields, leaf tissue mineral contents, proportions of 
plant organs, and forage quality. Yields of clovers sown during 
short (SR) and long rainy seasons (LR) were compared. 
Native clovers perfomed significantly better than checks. 
Screening was best done in a spaced plant. Each of the significant 
differences (p < 0.01) in T. tembense (stem, leaf and floral 
characters) had less than 50 % intraclass correlation suggesting high 
non-genetic variability among strains. Ecotypic differences in 
flowering suggested intra specific heterogeneity. Collection sites 
based on geographical references were perfectly discriminated 
V 
according to regions using soil factors, but appeared asynchronous 
with strain .classification into regions on similar edaphic basis. 
Differential yields among species indicated valuable agronomic 
interspecific diversity. 
Plant organic matter synthesis appeared to be greatest at 
reduced amounts of P despite overall yield increases over a wide 
range of P applications (5 - 30 kg P/ha) . Native clovers showed 
relatively low tissue P suggesting efficient nutrient use under low 
soil availability. Tissue mineral contents appeared unaffected by P 
addition alone. 
Differential yields in clovers were influenced by time of 
sowing (SR vs. L R  season) and of clipping, in relation to increase in 
temperature, radiation and moisture stress. Seed yields and forage 
quality were improved by P application. Both inter- and intraspecific 
variability suggested the presence of valuable germ plasm for direct 
forage utilization or for future plant improvement. 
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Forage value of Trifolium species native to the Ethiopian highlands 
has received little attention to date. The following hypotheses 
provided the basis for this work. Firstly, they are readily 
exploitable because of the adaptive advantage they hold over 
introduced clovers. Secondly, the wide range of edaphic and climatic 
factors have selected superior ecotypes with a potential for direct 
agricultural· utilization. Thirdly, the low soil phosphorus in the 
highlands has been a major edaphic selective force in eliminating high 
phosphorus-r�quiring biotypes. 
The overall objective of this study was to screen, describe 
and evaluate a number of species for their agronomic potential. The 
situation under which the clovers were tested was the cut-and-carry 
system. This practice, which involves cutting hay and carrying it to 
the animal, is wide spread in the Ethiopian highlands as a means of 
effectively utilizing the limited forages. 
This work mainly involved annual legumes since they make 
up the largest proportion of clover species in the highlands. 
Furthermore, annual plants have a number of advantages over 
perennial species (101) as their enviromental requirements are less 
exacting because they are usually restricted to part of the year when 
growing conditions are most favorable. Annuals also have superior 
short-term yielding characteristics and are useful in overcoming 
2 
seasonal feed-shortages . They can conveniently be intotegrated into 
other crop and livestock enterprises as they play an important rol e  in 
pioneer cropping for land deve l op ment and they have good 
conservation characteristics . 
This research was carried out mainly on b lac k  Vertisols as 
these soi l s  represented the conditions under which most native clover 
species are found (Fig. 1 ,  shaded area) .  T hese soils, like many 
tropical clay soils are mostly marginal land and are used as 
unimproved pastures. They provide seasonal grazing with low overall 
productivity (2 ). In reviewing the nature of such tropical clay soil s, 
their use and management, Ahmad (2 ) observed how surprising "litt le  
is  at  present known about the adaptability of forage plants to soil 
and c limatic conditions associated with them " ; and further added ; 
"the challenge is to find pasture grasses and legumes which can 
remain productive throughout the year, thus improving the carrying 
capacity of the pastures on these soils" . 
This research was desig ned to yie ld useful results within 
two years and at the same time be able to contribute to the Forage 
Legume Agronomy Unit's wor k in the Ethiopian Highlands within the 
goals of the International Livestoc k  Centre for Africa ( I LCA) in 
Addis Ababa , Ethiopia . I LCA is one of the 13 international 
agricultural research centers sup ported by the Consulat i ve Group on 
International Agricultural Research (CG IAR ) . 
Collection of native species of Legum inosae with forage 
potenti al has been pursued at ILC A  over the past three years . 
Avai lable seed of the various clover species provided initia l materials 
for the wor k  of this study . 
Resea rch work  was ca rried out in 1 2  steps in order to 
retain simplicity in design while addressing several aspects of the 
problem . 
3 
Experiment  1 focused on germplasm collection and screening 
in native strains of T .  tembense f rom va rious pa rts of the Ethiopi an 
h ighlands in 1 982 . They were screened as spaced pla nts for int ra ­
strain differences. 
lnterspecific attributes were investigated (Experiments 2 
through 10) using agronomic c riteria such as the effects of phosphate 
fertil izer  on dry matter yields, on tissue mineral concentrations and 
quality pa rameters, on self -seeding and g rowth response to soil 
residuals, and on relative seed yields . Species differences in 
relation to locations where clovers were g rown and va riat ions in 
growth responses to t ime of sowing were also studied . 
I LCA's investigat ions ( 1 8 ) in the past revealed that 
def ic ienc ies in a nimal feed a re ser ious du ring the dry season in 
Eth iop i a. The a nnual ave rage dry matter p roduction was est imated at 
30-40 % less tha n that cons idered norma·1 for animal ma i ntenance 
needs . It ·wa s esti mated that only 15 feed units ( FU) or 20 kg of 
dry matter per yea r a re available for each a n imal (calculated on a 
population of 70 m i ll ion a n i mals) which i ndicates that the product iv ity 
of the Ethiopian grassla n ds is  very low . This study has 
demonstrated that some of the n ative clove r species a nd ecotypes may 
be the best available source of forage mater i al for high yields in the 
Ethiopi a n  highla n ds .  It also appea rs that some of the species may 
have promising parental material from which it mi ght be possible to 
improve future forage cultivars . Specific objectives of this work 
were to : 
1 .  Evaluate the forage potential of native clovers (with a few 
exotic clovers included for comparison) in  the Ethiopian 
highlands, through collection and screeni ng of 
germplasm. The term 'exotic ' is used here to describe 
clovers which were introduced into Ethiopia. 
2. Investigate the interaction of management cons iderations 
with clover species for forage potential in the highland 
environment through field experiments which included : 
a .  The effects of phosphorus ferti lizer at vari ous 
application levels on several clover species at Shola 
and Debre Zeit locati ons ; 
b. The reseeding ability of previousl y  established 
species and their dry matter yie lds ;  
c .  The dry matter production and seedling emergence in 
relation to the time of sowing of various species ; 
d .  The potentia l  seed production, seed characteristics, 
plant morphology and nutriti ve levels of various 
speci es. 
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LIT ERATURE R EVIEW 
Forage Legumes : Role , evaluation and potential usefulness 
5 
Leguminoseae is thought to be one of the early plant families 
originating in Cretaceous times during the great expansion of the 
angiosperms. Of the genera in this family, about 82 9a are tropical in 
origin ( 1 97 ) .  The family comprises from 1 6, 000 to 19, 000 species in 
about 750 genera (7 ) and is represented world-wide (23) . Field peas 
and common ·vetch (Vicia sativa) ,  for example , are cultiv?ted from 
Scandinevia to the tropics. Forage legumes with wide distribution 
are found in the genera Medicago and Trifolium (195) . The family is 
divided into three subfamilies : the Mimosoideae, the Caesalpinioideae 
and the Papilionoideae. 
The Mimosaceae and Fabaceae have almost entirely tropical 
distributions while the Caesalpinaceae extend into the temperate 
regions. Only Leucaena and Desmanthus species in the Mimosoideae 
have known forage value. Of the major taxa ,  the Papiloianoideae 
contains the highest number of tropical species and many of the most 
promising tropical plant introductions have come from this group. 
For instance, in the phaseo leae the genera : Cajanus , Calopogonium , 
Cl itoria, Centrosema, Neonotonia , Lab lab , Macroptilium, Macrotyloma, 
Neonotonia and Pueraria have important forage cultivars. In the 
Hedysareae, genera such as Desmodium and Stylosanthes are valuab le  
forages (99, 1 97) . 
Legumes, more than grasses, appear ove rlooked (99) by 
plant explore rs in East Africa although it seems (1 97) tha the 
mesophytic enviroments of the region possess important gene ra such 
as Macrotyloma, Cajanus , Vigna, Neonotonia and Lotononis. 
The genus Trifolium, which contains s eve ral membe rs of 
potential forage value, has received ve ry little attention in Easte rn 
Africa whe re surp risingly, it is little used for forage. 
In contrast , successful tempe rate legumes such as 
Trifolium, Medicago and Lotus we re initially developed close to their 
cente rs of origin in Europe and the Medite r ranean region ( 1 76) .  
6 
Their ' movement' into the Ame ricas, Australia and New Zealand (along 
with grass s pecies) can be attributed to the early history of 
European gras sland farming which is poorly adapted to traditional 
Af rican farming. In Great Britain hay-making dates to c .  750 BC. 
Survival of livestock through the winte r depended on the success or  
failure of  the hay-crop (9 1 ) . 
Once the economic value of gras sland agriculture becomes 
known , development of a I ivestock economy p rog resses rapidly . 
Developed nations attest to such economic p rogress. In North 
Ame rica ( Canada included) p ractically all cultivated forage crops a re 
introduced from Europe , Russia and Sibe ria ( 93) . In Australia and 
N ew Zealand , almost all pasture cultivars are acquisitions from 
els ew h e re ;  all this being a consequence of the realization that it 
takes a good feed to p roduce a good animal for a good p rice. 
Although many areas in Af rica possess valuable natural forage 
resources such as the clovers, lack of success in their development 
is partially due to a lack of commitment of traditional agriculture to 
forages . 
Centuries before the forage value of legumes became 
obvious , it was known that the leguminous species present in arable 
crops revitalised the soil (39) by increasing the N content of the 
ecosystem. Beside the edaphic benifits, legumes offer considerable 
food value to Man and his animals as sour�es of good quality protein 
and have often been termed 'poor man's  meat'. Forage legumes also 
support livestock on poor soil (98, 1 14). I n  addition, legumes are 
now regarded as cheap sources of nitrogen as sources of fossil fuels 
required to produce commercial N fertilizer are shrinking (1 04) . 
High fuel prices make the costs of manufactured nitrogen fertilizer 
prohibitive for most farmers in poor countries . 
7 
I ntergeneric differences in legumes are based on two major 
taxa : Papilioinoideae and Caesalpinoideae. Papilioinoideae appears to 
have diverged from Caesalpinioideae th rough some old ancestry 
(Swartzieae?) ( 7 ) . 
About 60 9o of the genera in the latter taxon do not 
nodulate whi le  in the former all genera nodulate. The non-nodulating 
feature of the Caesal piniodeae has been attributed to their 
chromosome base number ( 7 ) . In the nodul ating Papil ionoideae ( the 
Galegeae complex to which most tropica l forage legumes belong) the 
base - number (x) is eight , whi le  in Caesal pinioideae the non­
nodulating prototypes have a chromosome base- number from 7 to 1 4. 
Papi l ionoideae probab l y  arose from some primitive 8-chromosome stock 
8 
(Swartzieae? ) with phylectic links to Caesalpinaceae prototypes . The 
high incidence of nodulatio n  in the 8 -chromosome stock may explain 
the interspecific nodulating differences between the Papilionoideae and 
Caesalpinaceae . 
Of the 78 or 80 genera i ncluded in the Caesalpiniodeae, 
only 33 are represented in tropical Africa (146) . However, 9 1  genera 
in Pap i lionodeae are reported o n  the co ntinent (24 )  with about 1 000 
species represented in East Africa alone. In the latter taxon,  the 
tribe Genisteae contains Lotonis, Crotalaria, Lupinus, and 
Argyrolobium to name but a few . The Trifoliaeae contains Trigonella, 
Medicago, Meli lotus and Trifolium. The Loteae tribe has the 
importan t  genus Lotus; the Galegeae has I ndigofera, Psoroleae, 
Tephrosia, Astragalus, Sesbania and man y  others . The Hedysareae 
contains some of the genera al ready mentioned above and others such 
as Alysicarpus ; Vicea, Cicer, Vicia, Lathyrus and Abrus . Vigna, 
Dolichos, Psophocapus, Canavalia, Erythrina, Teramnus, and 
Rhynchosia species belong to the tribe Phaseoleae . Most of these 
genera have species which are largely unimproved for use in their 
areas of distribution in the tropics . 
The Caesalpinioideae, w h ich has a relatively limited 
distribut i on in Afr ica is now thought to have become a temperate 
l egume according to Norris (197 )  but w i th origin from the true re l ic 
tropical type . An opposing movement into the tropics from the 
temperate zone is  a lso thought to have occured i n  some members of 
Tr i fo l ieae which supposedly migrated to the equatoria l zone through a 
pathway provided by the trop ica l  highlands (1 97) . A large number 
9 
of species in tfiis tribe are found in the East Africa n highla nds. 
Some members in  the Gen us Trifoli_um (clovers) are a n  ex ample of 
such migration. The 238-300 species in  this genus worldwide (7, 69, 
206 ) ,  are ubiquitous components of n atural grassla nds .  In  terms of 
forage production a nd nutritive value the clovers ra n k second to 
Medicago sativa in the United States, Europe, Australia a nd New 
Zeala nd. However, only 4 9o of the species are agriculturally 
importa n t  (69 ) .  The small number of cultivated species in this group 
is due to its recent domestication (59 ) .  
T h e  origin of the genus is traced back to the - a ncestral  
section Lotodeae which is assumed to have existed from Neogene  times 
(206) . The africa n clovers belong to four of the eight sections of 
the genus Trifolium profile. Three major areas of origin are the 
Mediterra nea n,  the Eritreo-Ara bia n region (plus its periphery) a nd 
the Americas (206 ) .  The eastern Mediterra nea n region is the largest 
center of diversity with a bout 1 50 species representing 7 of the 8 
sections of the genus. The centers of distribution in Africa 
comprising  Central Ethiopia, Somalia, Eritrea, Saudi Arabia , Ken ya,  
Ta n za nia a nd Uga nda constitute the Eritreo-Ara bia n region a nd its 
perip hery. Th is is the largest center of diversity of Trifolium south 
of the Sa h ara. T he North America n center is concentrated in the 
California n region a nd its eastern borderla nds. In South America, 
the Andea n and  Argentinia n regions are importa nt. 
While the Mediterra nea n region provides the major cen ter of 
differentation of clovers , some of the members migrated into the East 
Africa n highla nds by the afro- alpine Mediterra nea n  line. 
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T h e  sect ion T ri fo l i u m evo l v ed from Loto i deae a n d  i t  i s  f rom 
t h e  fo rme r that  a g reat con ce n t ra t i o n  of s pec i es i n  centra l  Eth iop i a  
a nd E r i t rea a rose .  Add i t ion a l l y ,  t h e  s u b - sect io n s  Och reata a n d  
Lox o spe rm u m ,  d i rect l y  Loto idea n  i n  o r i g i n , a re con f i n ed to trop i ca l  
Af r i ca a n d  t h e i r m i g rat ion  i nto t h e  reg ion  p roba b l y  d ates back to t h e  
remote g eo log i ca l  past ( 206) . T h es e  t rop i ca l  Af r i ca n s pec i es , 
howeve r ,  do not appea r to be re l i cs of a n  a n c i en t  t r u e  Loto idea n 
membe r .  I t  i s  pos s i b l e  t h at th e Eth io p i a n  s u b - s ect io n s  evol ved 
somet i me after the  Lotoi dea n E u mo r i a  h ad rea c h ed t h e  Af r ica n  
h i g h l a nd s  ( 1 06 ) . 
Eth iop i a  h a s  more c lov e r  s pec i es t h a n  a n y  oth e r  cou nt ry i n  
t rop i ca l  Af r i ca . Betwee n 30 to 40 s pec ies a re repo rted to occu r 
south  of the  S a h a ra ;  e i g ht  o r  n i n e  of these  a re endem i c  to Eth iop i a  
( 76 ,  1 85 ) . F i ve of t h e  e ig h t  sect io n s  of t h e  gen u s  a re rep resented 
i n  t h at cou n t ry w i th  a l l  t he  e n d em i cs der i v i n g  f rom s u bsect ion Amo r i a  
( 1 84 ) . T h i s  d i st r i b ut ion  ma kes Eth iop i a  s econd  on l y  to the  
Med i te r ra n ea n reg ion  i n  T r i fol i u m  s pec i es con ce n t rat ion . 
A sma l l e r  n u mbe r  of c l ove rs a re s h a red by Soma l i a ,  Kenya , 
U g a n d a  a n d  Ta n za n i a . I so l a ted a n d very poo r stat ion s fo r c love rs 
occ u r i n  the Cape P rov i n ce i n  S o u t h  Af r i ca , t h e  wes tern  pa rt of t h e  
G u i n eo - Con goa n reg ion a n d  some s catte red Af r i ca n  mou nta i n  pea k s  
( 206 ) . 
A n n u a l  Afr ica n c l overs  e x i s t  i n  l a rge n u mbers . I n  the  
gen u s  a s  a who l e ,  b i en n i a l s  a re a b s e n t  an d ,  g e n e ra l l y ,  there a re 
tw i ce t h e  n u mber of a n n u a l s  a s  p e ren n i a l s . T h e  rep rod u ct ive  
orga n i zat ion  of a n n u a l s  i s  thou g ht to  be a der i ved co nd it ion w ith  
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respect to perennials . The propagation of annuals is wholly 
dependent on their highly specialized seed production process (206) . 
Annuality, as an ecological adaptation, may also be a 
specialization geared to exploitin g  unfavorable environments (82) . 
Annuality appears to have an advantage for species in drier habitats 
and may explain the abun dance of annual clover species in the 
Mediterranean region . 
In the Ethiopian highlands there are eight peren nials and 1 7  
an nuals in the genus (1 84) . The large number of an nuals may also 
reflect the seasonally dry nature of the highlan ds environment. 
Joffee (1 06) reported the existence of both ' long' and 
' short' day photoperiodism in several African clovers. Trifolium 
semipilosum Fres. , and T .  cherangan iense Gill. , which are related 
species, were found to be long day plants. This response, it 
appears, may be a primitive feature associated with their origin in 
the temperate regions. However, the members of the Ochreata are 
mostly short day strains which implies a tropical origin although 
there is  inadequate physiological evidence to support this theory 
( 106) . Duri ng the evolution of the Eutnoria, the change from lon g  
day to short day photoperiodism may have been a n  adaptation to the 
tropical environment . Once adapted, the Ochreata, for example, 
appear to have been l im ited to a relatively n arrow tropical band with 
day-length probably restrict ing its free colonizat ion northwards or 
southwards ( 1 06) . 
Pritchard and t' Man netje ( 158, 122 ) reported that 
temperature and photoperiod i nteracted to affect flowering of some 
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African clover spec ies .  Consequently a clear line between short day 
and long day plants i s  difficult to draw . In their studies, flowering 
patterns of T .  baccarini , T .  pseudostriatum and T .  usambarense 
resembled those of sensitive short day plants . The vegetative 
condition was maintained under 14 hours of illumination . In the 
latter species , however, flowering did not occur under a short day 
i llumination period of 1 0  hours with high temperature ranges between 
20 ° C and 25 ° C .  
Trifolium burchell ianum var . burchellianum, and T .  
africanum were considered as sensitive long day plants and failed to 
flower at high temperatures . Other species also appeared to be 
affected by the interactive effects of both temperature and 
photoperiodism . In T .  rueppellianum var . lanceolatum, T .  
semipilosum and T. tembense, 10 to 12 hours of i llumination at 
temperature as low as 1 0 ° C resulted in early flowering ( 80 - 110 
days )  and a h igh production of seed heads . The opposite occured at 
h igher temperatures with a longer illumination period ( i . e .  100 - 127 
days) under which fewer seed heads were produced . Trifol ium 
rueppellianum, T .  steudneri and T .  masaiense were less affected by 
temperature and day length . They are thought to be 
photoperiodically neutral ( 29) . 
The effect of temperature alone on the Afr ican clovers is 
probably important as a regulatory rather than as a select ive force . 
H i gh temperatures in the tropics are frequentl y  associated with 
moisture defic its wh ich may affect the plants' ph ysiology . Water­
stress , on the other hand, is a s ignif icant selective force although 
the re is also little evidence that it has any direct regulatory action 
on flowe r initiation in plants ( 1 37) . . In f ive out of six annual 
Medicago species , it was found that flowe ring was delayed by an 
average of 14 days as a consequence of wate r st ress. This was 
p robably due to changes in the species '  g rowth rates . 
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Most of the African clove rs so far studied (157) a re diploids 
(2n= 1 6) .  I n  only two pe rennials has highe r  ploidy been repo rted 
( 157) . Th ree varieties of T. bu rchellianum, entirely South Af rican 
in o rigin, a re all hexaploids (2n=48) . Addit ional wo rk repo rted by 
Hedbe rg (92) showed that two st rains of the va riety johnstonnii of 
this species collected from two sepa rate sites in Kenya were 
polyploids wit h ploidy levels of 6x (2n=48) and 1 2x (2n=96) . The 
othe r except ion to the diploid condition is T .  c ryptopodium with 
ploidy level of 6x (2 n =48) (92) . 
Heise r and Whittake r (94) attempted to co r relate plant 
cha racte ristics , ch romosome numbe r and polyploidy in some 
Califo rnian weeds. Their results , which yielded equal numbe rs of 
diploids and polyploids , we re inte rpreted as suggesting that 
polyploidy unde r Californian conditions confered no pa rticula r 
survival advantage fo r these species. In additional analyses , they 
found that annuals out -numbe red pe rennials and diploids exceeded 
polyploids in the dicotyledonous g roup. These diffe rences led to the 
furthe r suggestion that neithe r polyploidy no r g rowth habit we re 
factors of g reat importance in dete rmining spec ies '  dominance . In the 
genus Trifolium , polyploidy appea rs to be of little evolutionary 
i mpo rtance (69) . The majo rity of clove rs a re diploids and , as a 
so 
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consequence , a re less amenable to widesp read inte rspecific 
hybridization. 
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Chromosome sizes of dip l oid Af rican T rifolium species we re 
found to be sma l l  and this featu re appea rs to be rel ated to annua l ity 
( 157) . Inte resting l y ,  the chromosome size reduction which appea rs to 
have occu red in the Af rican genus T rifolium is phyl ogenetica l ly 
ret rog rade to the primitive chromosome size condition . Fu rthe r 
studies ( 157) on chromosome numbe rs ( x =8) , g rowth fo rms and 
ka ryotype in the African annua l c l ove rs seem to suggest they a re 
p rimitive in cont radiction to the fact that annua l ity is supposedl y  a 
highe r evo lutiona ry specia l iz ation. 
In the genus T rifo l ium, annua l species a re inva riably sel f­
fe rti l e  in contrast to perennia l s  which out- b reed ( 69) . Of the 
African species , Pritcha rd ( 158) found that one annua l and three 
perennia l c l ove rs out of 12 we re out-c rosse rs whil e  the remaining 
eight annua l s  were a l l  se l f-fe rti le . Among those outc rossing were T .  
af ricanum va r. africanum , T .  burche l l ianum , T .  semipilosum and T .  
masaiense. Not a l l  sel f-fe rti le Af rican annua ls  appea r to be strict l y  
autogamous but l itt le is known on thei r · deg ree o f  outc rossing . 
Bogdan (29) repo rted 1 9o to 10 9o outc rossing in onl y  one 
autogamous annua l ,  T .  rueppel l ianum . The synch ronized b lossoming 
in many Af rican annua l c love rs is p robab ly associated with thei r 
requi rement fo r insect visitation to t rip the f lowe rs ( if not fo r 
outc rossing ) .  It is thought th at many of the Af rican annua ls a re 
p robably highl y  se l f-fe rti l izing ( 158 ) . Gene ra l ly ,  the se lective 
advanta ges confe r red on highly se l f-fe rti l izing species , inc lude the 
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following (87) : 
1 .  a high homozygosity for alleles such as those that 
determine allozymes; 
2. the proportion s  of polymorphic loci remain comparable to 
those in  out-crossin g  species ; 
3 .  a lower n umber of deleteriou s  recessive genes than in 
species that outcross becau se of elimination of the 
recessives by natural selection ;  
4. recombination in  n aturally selfin g  species will rarely result 
in new genetic types n ot already presen t  in  the parent. 
These points are of i nterest in  light of both intra- and 
interspecific diversity in  native clovers . 
Most of the native African clovers lack symbiobility with 
endemic European clovers (7, 1 42, 1 43, ) .  
The African Trifolium gen u s  belon gs to the nodulation 
group 'S ' . This group con tains species that are very strain - specific 
and will nodulate effectively only with their own Rhizobia . This 
restricts the introduction of the native clovers into cou ntries which 
lack suitable symbionts .  However , loca·I farmers can use the native 
species without worry over the i n ocu  lat ion requirements s i n ee in East 
and Southern Africa, there are already sufficient  local symbionts in  
soil ( 57) . 
Norris and t' Man netje ( 1 44 )  divided several African . taxa 
into two main groups : 
Group 1 T. rueppellian um ,  T .  �embense ,  T. usambarense , T. 
baccarinii ,  T .  steudneri , T .  burchellian um vars. 
joh n ston n i i  a n d  b u rc h e l l i a n u m ,  T .  p s e u dost r iatum , 
T .  af r i ca n u m ,  a n d  T . . sp . ( C P I  1 8247 ) . 
G rou p 2 T .  sem ipi los um v a r .  s em i p i lo s u m ,  a n d  v a r .  
k i l imanja r ic u m , T .  ma s a i e n se , T .  c h era nga n i e n s e  
a n d  T .  ru eppel l i a n u m v a r .  l a n ceo l a t u m  
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T h ey con c l uded that members w i t h i n  eac h  g roup  p romi s c uou s l y  c ros s ­
i n noc u l ated . T h i s , howeve r ,  d i d  n ot occ u r between members of 
d iffe ren t g rou p s . Bot h  t h ese  g ro u p s  a re p roba b l y  p resent  i n  t h e  
s ame so i l s . Fo r examp l e ,  c lovers  of both g ro u p s  co-occu r  i n  the  
Eth iop i a n  h i g h l a nd s . 
N ut r i t ion a l  def i c i e n ces of p ho s p h o ru s ( P ) ,  s u lfu r ( S ) , a n d  
pota s s i u m ( K ). a re t h e  most common d i s o rders i n  l eg u mes . H i g h  so i l 
a c i d i ty i mpedes the i r s ymb iot i c  n i t roge n  ( N )  a s s i m i l at ion  ( 1 36 ) . 
No r r i s ( 1 4 1 ) h a s  c h a racte r i zed t ro p i ca l  l eg u mes a s  s pec i es w h i c h  h a v e  
p roba b l y  evo l ved u n der  cond it ion s o f  low so i l n u t r i en t  stat u s  a n d  
h ig h  a c i d i ty . Repo rts  i n d i cate t h at i n  ma ny  t rop i ca l  so i l s  P i s  e i t h e r  
def i c i e n t  o r  i s  p resent at  ve ry low l ev e l  ( 74 ,  1 72 ,  1 77 ) . 
I n  h i g h ly wea t h e red so i l s , a v a i l a b l e  P may refl ect the tota l 
p h os p h o r u s con tent ( 1 72 ) . Ma ny  t rop i ca l  so i l s  h ave  l ow tota l P 
i n d i ca t i n g  t h e i r l i m i ted deg ree of weat h e r i n g  a n d h e n ce low ava i l a b l e  
P l eve l s .  I n  the  U n i ted States , fo r e x a mp l e ,  t h e  M i dweste rn soi l s  
avera g e  a bout 3 , 000 ppm P i n  t h e  top soi l w h i l e t h e  l eve l  i n  Sou t h e r n  
t rop i ca l  so i l s  d rop s to 500 p pm ( 1 47 ) . O x i so l s ,  U l t i s o l s  a n d Ve rt i so l s 
f rom v a r iou s t rop i ca l  cou nt r i es h a ve P l eve l s ra n g i n g f rom 20 to 200 
ppm ( 1 72 )  a n d  appea r to s u ppo rt N o r r i s '  v i ew t h at so i l s  where 
t rop i c a l  s pec i es h a ve evol ved a re i n h e rent ly  low i n  n u t r i ents . 
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Varietal and species tolerance to l ow soil nutrient levels  
have been reported in Styl osanthes humil is and Centrosema pubescens 
which are native to tropical regions where soil s  are low in available P 
( 1 3 ) . Tolerance to l ow nutrients however , is not associated with 
high dry matter production ( 82 ) . Sanchez ( 1 72 )  observed that on 
low P soi l s  some pasture legumes respond dramatical l y to fertilization 
and do not require as much P as grasses as the pasture legumes 
genera l l y have lower dry matter production . 
Andrew ( 1 0 ) included two African native c lovers ,_ 
T. semipilosum and T .  rueppel l ianum in a study concerning the 
effect of pH on nodul ation. He found that nodulation was reduced at 
pH 4 . 0  which further corroborates Norris' view of high acidity 
tolerance among tropical species . In earlier work by Andrew (14) , 
T. rueppel l ianum was a lso observed to have high tolerance to 
aluminium . Aluminium tolerance is associated with the plant' s  ability 
to absorb and translocate phosphorus despite the presence of the 
former mineral ( 172) . 
Tropica l soils are general ly reported to have high levels of 
sul fur and , therefore, it does not appear to be a soil-deficiency 
problem as is the case with soil P .  Nutrient deficiency , therefore , is 
Ii kely to be due more to low or deficient P than to lack of sufficient 
sulfur levels . 
Little was known on the agronomy of African clovers until 
the mid 1 950s. I n  Africa , Bogdan (3 1 )  first reported the agronomic 
merits of the indigeneous clovers of Kenya. Strange ( 1 80 )  carried 
out preliminary grazing studies on several clover species in 
association with grasses and reported on their potential pas tu re 
va lue. 
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Subsequentl y, a number o f  Aust ra l ian workers attempted to 
introduce some of the Af rican c love rs, in their country with l imited 
success. Onl y  the pe rennial species , T .  semipil osum and 
T. burche l l ianum persisted for more t h an three years unde r grazing 
(12 1 ) . Since then , Trifol ium semipi l osum has been successful ly 
grown in Austral ia outside the tropical zone as a pasture c rop (69 ) . 
In 1973 , a l ine of this species was sel ected and re leased fo r 
commercial seed production as cul tiva r Safari (108 ) . 
Such perennial legumes p robabl y received wide attention in 
Austral ia becau se of the country' s  g reat emphasis on pastu re farming 
which g oes wel l  with pe rennial rathe r than annual species. 
Information on the cyto log y , Rhizobial affinities , 
photoperiodism , breeding systems and identificati on of many of the 
annual African c love rs has continued to come from workers in 
Aust ral ia. Little  ge rmpl asm and ag ronomy wo rk has been done in 
their native habitats and information on their agronomic potentia l is 
scanty e x cept for the work of Bogdan (30 ) , Strange ( 1 80 ) , Poul tney 
( 156) , Suttie ( 182 ) , and Keya ( 1 12 )  in Kenya. An i nterested reader 
is refered to Thulin (185 , 184 ) and Froman (71 )  for the tax onomy of 
Afr i can c lovers. 
The i nit ia l  test ing phase in a search for potentia l l y useful 
crop species begins with p lant introduction. This forms the basis for 
devel oping i mproved strains or var i eties through col lection of 
materia l ,  select ion of parents , progeny testing , a n d  seed 
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multiplication. 
Plant introduction is a process of collecting native species 
and determining the adaptation of va rieties f rom other areas . 
I ntroductions may involve new crops, new varieties of established 
crops, or  established crops with new characteristics brought into an 
area or  into a country for the first time to test their possible value 
(37 ) . 
Collection, assessment and sc reening are the first stages of 
plant int roduction and involve collection of a wide range of genetic 
materials of different species and ecotypes which are then observed 
and tested under field conditions (1 98) . 
Strickland et al (1 8 1 ) pointed out two methods of acqui ring 
a plant collection . They are cor respondence ( seed exchange) and 
field exploration. In forage wor k, the objectives for acquistions are 
to p reserve germplasm, to provide nativ� species for exchange or  to 
improve unproductive native pastures. The first stage, preliminary 
assessment, considers the optimal sources of material and the most 
effective methods of collecting and testing (1 98) . This is a 
familiarization process. A large number of plant introductions are 
sown with the aim of understanding their features and reducing their 
numbers to manageable proportions. In this phase , activities include 
tentative identification and classification , quantitative and qualitative 
desc ription of important features and prelimina ry seed multiplication 
for future use ( 44) . 
Next  is prelimina ry screening in which seedlings are set out 
as spaced single plants in the field and observed for survival, 
growth habit, f lowering time and resistance to drought and disease. 
Norma l ly ,  this is continued from two_ to three years in which time 
promising species and ecotypes may be se l ected for future work 
( 198) . Se l ection of parents, progeny testing and strain bui lding 
comes after screening. I nitial ly, p lants are phenotypical l y  se l ected 
for fie ld performance under conditions in which the crop is to be 
used . The se l ected pa rents a re then progeny-tested for general 
and/or specific combining abi l ity as cost, time and labor al low . 
Strain-building is commenced after this where by basic parents of a 
potential new cu l tivar are l imited to a narrow spectrum . 
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Description, evaluation and seed mul tip l ication are made on 
initial se l ections . In deve l oping countries, the above steps are 
sometimes simultaneousl y  undertaken in a sing l e  program . Such a 
combined approach was appl ied in the present study. Fol lowing this 
initial phase , seed of promising l ines is mu ltip lied and can be 
exchanged , conserved for a future p l ant breeding program , or 
deve l oped quickl y  for direct utilization ( 1 96 ) . 
In working with several Sty l osanthes accessions, Burt et a l  
(42) s uggested three steps for the preceding stag e: 1 . ) initial 
spaced- p lantings or row tria ls ;  2. ) sma l l  sward or smal l-scal e cutting 
trials ; and 3. ) once a particular accession has shown potential in a 
partic u lar environment , its performance under grazing can be 
assessed. 
T h e  criteria for th e evalu ation of forage l egumes may 
include five to six variabl es among those mentioned by Cameron (44) 
and reviewed by oth ers (37 , 93 , 1 02 ,  1 3 1 , 1 9 1 ) .  Where yie ld and 
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seasonal distribution of dry matter is evaluated , Wheeler ( 1 9 1 ) 
recommends that plants be grown both with and without fertilizer . 
Cameron et al ( 44) suggested that sowing species in monocultural 
stands in smal l scale cutting trial s  will "provide yie l d  estimates 
uncomplicated by interspecific competition whi l e  mixtures give a guide 
to legume/grass compatibil ity " .  In the initial evaluation stages , only 
one or several sites are selected for testing so that they serve as a 
benchmark in order to eliminate poorl y  adapted accessions at an early 
stage ( 42 ,  1 02) . At a later date , l arger areas ( a  maximum of two 
locations , perhaps after two years) may be established for animal 
studies with a number of superior entries ( 1 91) . The early criteria 
used in many forage evaluation programs _ are purel y  agronomic and 
are designed to appraise many plant entries in as short a time as 
possible ( 19 1 ,  44) . This constitutes the initial testing phase at 
which point the present investigation was terminated. 
Further testing invol ves advanced selection for plant 
improvement . Bray (37)  referred to these succeeding stages as 
development and fine tuning. Advanced se lection involves 
discovering the limitations of the plant an·d acting to overcome them, · 
with emphasis on yie ld and adaptation. In addition, plants a re 
se lected for disease and pest resistance , and against 'negative' 
quality factors ( i . e .  oestrogens and toxic compounds) . In the fine 
tuning stage ( which in the case of bred lines would be at the F4 or 
F5 generation stage ) selections are further studied for adaptability 
( 102) , and compatibil ity with grass species , Rhizobium , grazing 
animals (200) , and the environment (37) . Studies are also conducted 
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in target areas of crop use ( 1 02) . Mochrie  et al ( 1 3 1 ) estimated the 
t ime requ i red to complete a l l stages for i mprovi ng a new forage 
species to be at least 10 years. 
N at ive species provi de readi ly avai lab le raw materia l  for 
deve lop i ng i mproved forage cult ivars . In Eth i op ia , there ex ists a 
l arge nati ve germplasm pool w i th potentia l  for economi c  explo itation. 
Legumes are of most i nterest because they rank second to the 
Poaceae fam i ly  in abundance and d istri but ion. There are 
approx i matel y  600 legume species whi ch compri se about 10% of the 
country' s  total p lant species . ( 1 84) . 
The potentia l  of many of these leg umes for l i vestock use i s  
unknown, yet many of the species, such as the c lovers, Desmod iums , 
Sty l osanthes, and vetches have elsewhere been successfu l l y  exploited 
for h i gh l y  developed l ivestock farm i n g  (53 ) . 
The w i de-spread presence of forage legumes i n  Ethiopia 
presents a vast resource for explo i tati on and development . However , 
forages are regarded as secondary i n  i mportance to food crops in 
Eth iop i a  despi te the the central role herb i vores p l ay in  working for 
and sustain ing Man. 
developed together . 
Improved human and animal nutr it ion must be 
A means of mak i ng ani mal  products , whi ch 
provide h i gh qual ity protein,  more w i de ly avai lab l e  at less cost is  
through improved forage/l ivestoc k  farming practi ces . The best 
prospects for integration of forage/ l i vestock farmi n g  into crop 
cu lt ivati on systems ex ist in  the Eth i op i an h i ghlands . I n  Kenya , just 
south of Ethiopia , the success of both small-holder dai ry development 
schemes and l arge commerc ial ho ld ing s  for meat , m i lk and f ine wool 
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production indicate the potential of the eastern African highl ands for 
increased production ( 120) . 
In Ethiopia , however , inputs for better crop and animal 
production are l imited . Fertil izers are expensive ,  improved seeds are 
general l y  l ac king and in many parts of the country there is no good 
transportation network .  Support and advisory services for animal 
health  and better crop and animal h usbandry practices are meagre . 
Smal l scale  farmers can not easil y  obtain ban k l oans for being 
security risks and so are unabl e  to afford improved agricu ltural 
inputs as a means of increasing both crop and animal productivity. 
The stoc k inventory of a typical sma l l farmer in the Ethiopian 
Highl ands inc ludes two oxen , a cow , a few sheep and a donkey . 
Oxen provide traction power , don keys serve as pac k animals and 
sheep are used mainly for food ( particu l art l y during the Ethiopian 
festivals ) . These animals are general l y  u nder-nourished and 
therefore have marginal uti l ity val ue. Cows provide mil k  which is a 
less important product than traction power from oxen ( 83) . 
There is much room for change . The agent of such change 
shou l d  be l ow cost innovation such as t he use of l egumes in 
cropping/ l ivestock systems . The legumes provide a higher protein 
base to the animals  and consequentl y  to h umans . Such an 
innovation , i n  the co n text of s ubsistence food crop cu ltivation , has 
sometimes been questioned by skeptics ( 164 ) who maintain that since 
forages are not directl y  u sed for human food , their introd uction is 
doomed to fai l ure ( 164 ) . Timmer ( 186) emphasized that an in novation 
recommended through research anywhere fai l s  when the fo l l owing 
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three conditions important in its successful transferabi lity to potential 
users are not met . The innovation must ful fi l l a perceived need ; the 
mechanism of transfer must be through agricul tura l  advisory 
services ; and the extension service must be tai lored to the technical ,  
economic or social constraints of the society for whom the innovation 
is intended . 
This section does not attempt to review the details  of 
techno l ogy transfer as l iterature abounds elsewhere (48, 95 , 132 , 
160 , 174, 187) . Transferabi lity of an agricultural innovation to smal l 
farmers in an Ethiopian setting was reported in an impact study at 
I LCA . A development package tested by I LCA under a systems­
research approach in its Highlands Program over a period of four 
years indicated th·e readiness with which re levant innovations may be 
adopted by smal l farmers in the Ethiopian Highlands . Initial results 
suggested the feasibi l ity of achieving substantial productivity at the 
smal l -ho lder level through use of improved inputs such as cross-bred 
(Friesian X Boran) cattle  ( one per fami l y) , improved seeds and 
ferti l izers . Average increases of 40 9o in subsistence crops , higher 
mil k  yie l ds in the range of 2300 kg/year and gross income of about 
US $800 . 00 ( in contrast to about US $200 . 00 under traditional 
farming) per annum were reported ( 83) . 
. The types of farming systems in the Ethiopian highlands in 
which legumes might be used advantageousl y  include : 
1 .  Legume-based cropping system . 
Most cereal s  grown in the Ethiopian Highl ands are broadcast seeded 
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in monocultural stands and any intercroppi n g  which takes place is 
mostly confined to drainage furrows . These small furrows are made 
with the use of a local plow to minimize waterlogg ing during the 
heavy rains . After sowing , cereal fields are regularly weeded. At 
the end of_ the growing season grain and straw are cut together 1 
dried in the sun and threshed by animals . Previous weeding ensures 
minimal contamination of the main crop with weedy seed . After 
threshing the chaff and straw are commonly stoc kpiled for dry-season 
feed . This residue comes mostly from the main cereal crop with little 
or no contribution from the intercrop which, normally, is 
unimportan t . Animals are fed on this residue durin g  the dry season 
and are also allowed to graze on the stubble left in the harvested 
field . I ntercropping in a field of teff, for example, can create field 
management difficulties. This might be one of the reasons the 
practice remains unimportant in Ethiopia . Undersowing another crop 
in broadcast sewings in a crop such as teff can create heavy 
demands on available hand-labor required for weedin g  and seed­
cleaning . There may also be a reduction in yield of the main crop. 
However, with proper choice of the compan ion crops and cu ltural 
practices cereal fields offer prospects for legume incorporation 
through intercropping . The inclusion of a legume in the crop stover 
can improve both the quality and quantity of feed in the dry season . 
2 .  Legume-based arable fallow rotations . 
A rotational arable-fa l l ow system invo l ves rights to a particular fie l d  
area which is then maintained by the responsible in dividual 
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th rou g h ou t  the fa l l ow pe r i od . S h i ft i n g  fa rm i n g , i n  co n t ra s t ,  i n vo l ves 
comm u n a l  ow n e rs h i p  a n d dec i s i on s . . I n  t h e  fo rme r s y stem , f i e l d s  a re 
u s u a l l y c u l t i v ated fo r o n e  to three yea rs , fa l lowed a n d  t h e n  
rec u l t i v a ted ( 1 33 ) . Fa l l ow p e r i od s  i n  s ome a rea s of th e Eth iop i a n  
H i g h l a n d s  may l as t  u p  to 1 2  yea rs  ( 83 )  a n d  d u r i n g  t h at t i me these  
a rea s a re u t i l i zed fo r a n i ma l g ra z i n g  w h i l e se l f - res eeded p l a n ts may 
a l so be  c u t  fo r h ay . T h i s  system , w it h  p rope r  g ra z i n g  ma n agement , 
offe rs o p po rtu n it i es fo r development of s h o rt - te rm p a s t u res th ro u g h  
s e l f - s eed i n g l eg ume s pec i es . D u r i n g  t h e  fa l l ow pe r i od , t h e  fert i l i ty 
of poo r s o i l ca n be i m p roved by n it roge n  f i x ed by a s u i ta b l e  l eg u me . 
3 .  T h e  cu r ren�  ma rg i n a l  a n d comm u n a l  l a n d u s e s y s tem . 
Comm u n a l  l a n d - u s e sy stem s a re ofte n f ra u g h t  w i t h  p rob l em s  of ove r ­
g raz i n g a n d n eg l i ge n ce ( 56 ) . I n  t h e  Eth i op i a n  H i g h l a n d s , t h e  s i ze of 
t h e  comm u n a l  l a n d  a rea s a re g reat l y  l i m i ted by pop u l at ion  p res s u re 
a n d  a re h e l d  we l l  w i th i n  ma n a g ea b l e  l i m i ts by t h e  Pea s a nts ' 
A s soc i at i o n s .  T h es e  a s soc i at io n s ca n rest r i ct g ra z e rs f rom u s i n g t h e  
l a n d  a t  ce rta i n  t i mes of t h e  yea r .  Ma rg i n a l  pastu re a rea s s u ch a s  
bottom l a n d s  w h e n  p rope r l y  ma n aged by d efe r red g ra z i n g , ca n be 
u s ed to p rov i d e  co n s e rved fodd e r  o r  g ra z i n g  d u r i n g t h e  d ry season . 
I n  t h e  Eth i op i a n  h i g h l a n d s , pastu res o n  t h e  bottom l a n d s  ( 7  to 1 0  % of 
the tota l a rea ) a re comm u n a l l y g razed . Ove rstoc k i n g  i n  t h e  d ry 
s ea so n  co n s i d e ra b l y  s h o rte n s  t h e i r u s ef u l n es s . P rope r g ra z i n g  
ma n agem e n t  a n d  th e u s e of s u i ta b l e  l eg u mes ca n b e  com b i n ed to 
g reat l y  i mp rove t h e i r ca r ry i n g ca p a c i ty . 
I n t rod uct ion  of fo rage l eg u mes i n to n atu ra l g ra s s l a n ds  
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t h rough interseeding or sod seeding (5) has met with only small 
success in some Af rican count ries (1 1 2 ) due to p roblems of communal 
land g razing (56) . C rotty (56) suggested that communities owning 
such areas should establish 'operating companies ' to organise the use 
of communal fodder resources in maximising their net revenue. 
Peasants ' Associations within the present set-up could effectively 
p rovide the required leadership in ensuring ca reful utilisation of 
these areas within the car rying capacity. This could encourage 
stand persistence of the native clovers and other legumes of potential 
forage value. 
Such species appear to be numerous for potential forage use 
in the Ethiopian highlands . Th_e author (4) , in three explorations 
during 1 982, collected seed of legumes in the following genera : 
Trifolium, Vicia, Alysicarpus, Tephrosia, lndigofera, Neonotonia, 
C rotalaria, Rynchosia, Lotus, Medicago, Vigna, Teramnus and other 
unidentified species. The largest number of species was collected 
from the genus Trifolium . 
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MATERIALS AND METHO DS 
A. Study Site: The Ethiopian Highlands 
General Introduction to the Ethiopian Highlands 
Ethiopia extends between 3 ° and 1 8 ° N latitude and from 33 ° to 48 ° E 
longitude ( 81 ) .  It has a total area of about 1 .  22 mill ion km 2 Of 
this area , the highlands occupy 46 . 7 % ,  or 489 , 520 km2 , which 
approximates th� area of all other African highlands combined. The 
tropical highlands are defined as areas which are at least 1 500 m 
above sea level ( asl) ( 1 05)  and with a mean daily temperature of less 
than 20 ° C during the growing season ( 172) . 
The Rift Valley , which runs from North to South , partitions 
the Ethiopian highlands into two high plateaus , the South-Eastern 
( SE) Highlands, and the North-Western ( NW) and South-Western ( SW) 
highland plateaus ( 1 65) . The NW H ighlan9s ( shown as A1-A7 in Fig. 
1) consist of the North Central Massif ( A  1) , the Tigrean Plateau 
(A2) , the Shoan Plateau (A3) and the South-Western Plateau. The 
SE Highlands ( shown as B 1-B4 in Fig . 1) include the Arussi- Bale 
Massif ( B l ) , the Hararghe P l ateau ( B2) , a n d  the gently sloping 
south-east face of the SE Highlands ( B3- B4) . The Rift Va l ley is 
shown as C l  -CS in Fig. 1. 
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Topography, Geology and Soils 
Tertiary roc ks (the Trap series) predominate in the Ethiopian 
Highlands and are the oldest formations. They are chiefly basaltic 
materials of volcanic origin. The escarpments are characterized by 
precambrian crystaline roc ks while the deep river valleys have 
sandstone and limestone which are Mesozoic in origin. 
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Although soils derived from the basalts are regarded as 
highly fertile among tropical soils (204 ) , some evidence indicates this 
view is an over-statement. For example , the basalt derived soils of 
the Ethiopian Highlands are poor in phosphorus (61) probably due to 
limited weathering of the parent roc ks or to chemical fix ation by the 
allophane materials (170) .  
The Andosols in the highlands of Cameroon (151) , the blac k 
earths of the Barbados (2) ,  the alluvial or volcanic derived-soils on 
many of the clay soils in the southern USA and the basic igneous and 
metamorphic roc ks of I ndia are all considered poor in available P 
(79) . 
Alfisols constitute the largest taxonomic group of soils used 
for cultivation in the Ethiopian highlands . Th rough many centuries 
of cultivation and soil erosion the natural fertility of these Alfi sols 
has been reduced (103 , 128) . 
An dosols, Alfisols and Vertisols are also common to both the 
orth-Central Massif and the Shoan Plateau. I n  the Tigrean Plateau 
in the northern highlands both Ult isols and Alfi sols are stony,  
shallow and, generally, unproductive ( 103) . 
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These Andept-Tropept-Ultisol landscape sequences are in a 
state of flux as is the case in many tropical volcanic highlands ( 1 72, 
1 75) . Under humid condi tions , volcanic ashes of A ndosols rapidly 
weather to produce allophanes . These are clay particles which 
consist of complex es of alumina-silicates and organic matter (1 72) . 
Under mean annual rainfall less than 1 500 mm and a long dry season, 
the allophanes are converted further into metahalloysites ( 1 75) . 
Unconverted allophanes have high pho.sp h orus adsorptivity and soils 
containing them may fix P (4 1 )  which then becomes unavailable to 
plants. Research on allophanes is recent ( 1 50, 1 51 , 1 75 )  but it is 
becoming apparent that many high land areas might have allophanes 
particularly under conditions of low p H  and high rainfall ( 1 50) . 
Thus allophanes might exist in the SW Plateau of the Ethiopian 
highlands where the above conditions prevail ( 1 70) . 
In many parts of the East African Highlands, the allophane 
stage probably did give rise to the nex t  stage producing two types 
of soils : the kaolonitic red soils on better drained areas and the 
blac k Vertisols on poorly drained areas ( 1 30 ). There may still be a 
continuing process of silica elluviation from red Alfisols which , by a 
resilication process, are converted into the black Vertisols. Areas of 
the Ethiopian highlands characterised by gentle topography and 
possessing Vertisols (generally referred to as the bottomlands ) are 
mai nly used as marginal grazing land and are rarely cultivated 
because of problems of poor drainage . Vert i sols are sometimes 
referred to as 'black cotton soils ' due to their dark color which in 
fact is not related to the amount of organic matter content but may 
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be due to the presence of diffused humus under alkaline to neutral 
conditions (204 ) .  The dark color may also be due to reduced iron 
compounds (204 ) which are less likely to fix phosphorus. I t  has also 
been suggested that the anaerobic conditions under drainage 
impediment may cause phosphorus to be seasonally available on 
Vertisols ( 155 ) .  
Calcium and magnesium are normally abundant in these soils 
whereas potassium and available phosphorus may be low. The low 
soil permeability and high cations exchange capacity (CEC) means 
that fertilizer nutrients are well-retained and with proper management 
many Vertisols are capable of supporting annual cropping at moderate 
to high yields (204 ) .  
The characteristic expansion and contraction o f  Vertisols 
when wet or dry causes large cracks in the ground which develop 
du ring the dry season. Vertisols do not usually support tree 
vegetation since the cracking of the soils can be difficult on rooting 
behavior of trees. Some indigeneous plants survive better on these 
soils by rapidly completing maturation before the soil cracking occurs 
so that they escape the potential root damage. This may be 
particularly true for annual species . G raminaceous crops and pasture 
species also are best suited for these soils because of their ex tensive 
root systems which better withstand cracking (2 ) . 
Climate and Its Effects on Plant Growth 
Climatic Seasons and Zones 
T h e  f i ve c l i mat i c  season s t ra d it ion a l ly i d e n t i f i ed i n  t h e  Eth iop i a n  
h i g h l a n d s  (8 1 ) a re :  Ma h e r ,  t h e  l o n g  ra i ny s ea so n  ( J u ly to 
Septem b e r ) ; T s ed i a , a s pe l l i mmed i ate l y  fo l low i n g  t h e  long  ra i n s  
( Octobe r ) ; B ega , the  d ry sea son w h i c h  fo l lows Tsed i a  ( Novembe r to 
Feb ru a ry ) ; Be lg,  the s ho rt ra i n y sea so n  ( Ma rc h  to May ) ; Ma ker ,  a 
s ho rt d ry s pe l l i nterven i n g between B e lg a n d  M a h e r . T h e  major  
c ropp i n g act i v ity i s  ca r r i ed out  d u r i n g  Ma h e r ,  the  long  ra i n y  ( L R )  
g row i n g  season . 
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G e n e ra l l y ,  t h e  h i g h l a n d s  reg ion  i s  sepa rated i nto 3 c l i mat ic  
zo n es : Tempe rate Abys s i n i a n , S u b - H u m i d  T rop i ca l  and  S u btrop ica l  
C l i mates . 
T h e  Tempe rate Abys s i n i a n  C l i mate cove rs t h e  Centra l  
P l atea u ( i n c l u d i n g t h e  S hoa n ) , w i th  a n  a l t i t u d e  of 1 , 800 m to 3 , 500 m 
a bove sea l eve l  ( a s l ) . T h e  S u b - H u m i d  T ro p i ca l C l i mate p reva i l s ove r  
t h e  S W  P l atea u a nd t h e  H a ra rg h e  H i g h l a n d s  w h i l e t h e  S u btrop i ca l  
C l i mate occu rs  i n  t h e  a rea s to t h e  east  of t h e  R i ft Va l l ey . 
T h e  Abys s i n i a n  c l imate ( i n  w h i c h  Add i s  Ababa  i s  located ) ,  
i s  c h a racte r i zed by seven ra i ny mon t h s f rom Ma rc h  to September . 
T h e  mea n a n n u a l  ra i nfa l l  i s  between 600 a n d  1 200 mm , of wh ich  70 % 
fa l l s  d u  r i n g  t h e  LR  sea son w i th  a pea k i n  j u ly a n d  A u g u st ( 72 , 1 03 , 
1 65 ) . T h e  major  c rop p i n g  a ct i v i t i es ta ke p l a ce d u r i n g M a h e r  
T h e  s hort ra i n y  ( S R )  season ca n be u t i l i zed fo r g row i n g  
q u i c k - matu r i n g  crops or  s pec i es req u i r i n g a n  ea r ly  sta rt fo r the i r 
s u cces sfu l matu rat ion l ate r i n to the  lon g ra i n y ( L R )  season . Between 
Tsed i a  a n d  Ma h e r , a n i ma l  feed i s  most l i m i ted b y  t h e  d ry s pe l l s  a n d  
l i vestoc k ove rg razes c rop res i d ues , stu b b l e  a n d  bottom l a n d s . D u r i n g 
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these pe r iod s  h ay t rad i ng a s s u mes importa n ce .  
Bes ide  t h e  p rob l ems of d ry s pe l l s , l ow temperatu res 
fo l l ow i n g  t h e  L R  sea son between Novem b e r a n d  J a n u a ry c reate f rost 
i n  a reas a bove 2 , 1 00 m i n  e levat ion , a nd a n y  c rops st i l l  g row i ng may 
be adverse ly  affected . 
T h e  S u b - H u m i d  T rop i ca l  C l i mate , w h i c h  i s  c h a racte r i zed by 
ei g ht ra i n y mon t h s ( Ma rch  to Octobe r )  p reva i l s  ove r  t h e  SW p l atea u , 
t h e  sou t h e rn S hoa n p l atea u a n d  the  A r u s s i  a n d  Ba l e  Ma s s i fs . T h e  
S R  sea son i s  a bsent  h e re ,  a nd t h e  z o n e  i s  f rost-f ree . T h e  average 
a n n u a l  ra i nfa l l  i s  u s ua l ly over  1 400 mm and i s  we l l  d i st r i b uted . 
T h e  H a ra rg he H i g h l a n d s  S u b t rop i ca l  C l imate ,  w i th  seven 
month s of ra i n  ( Ma rch t h ro u g h  Septembe r ) , extend s  ove r  the south 
s lope of  the SE h i g h l a nd s . H e re ,  t h e re i s  on l y  o n e  l o n g  ra i n y  sea son 
, with a pea k occu r i n g  i n  A u g u st . Coffee , so rg h u m ,  ma i ze ,  sweet 
potatoes ( l pomea � )  p u l ses a n d  c h at ( Catha  ed u l i s )  a re importa nt . 
Ra i nfa l l  
Ma n y  fa cto rs t h at contro l  the  sea son a l i ty of ra i n fa l l  i n  Eth iop i a  a re 
i n adeq u ate l y  k n own  ( 72 ,  1 65 ) . I t  i s  t h o u g h t  t h at t h e  yea r ly  
va r i at io n s  w h i c h  a re a s soc i ated w i th  ma c ro - s ca l e p res s u re c h a nges 
a nd t h e  res u l t i n g  mon soon f lows p l a y  a maj o r  ro l e  i n  ra i n fa l l  
occu ren ce ( 8 1 ) .  T h e  mac ro- sca l e ch a n ges i n  the  pos i t ion  of the  
I n te r-T rop i ca l  Con vergence Zone  ( I T C Z )  a p pea r to dete rm i n e the  
ra i n fa l l  sea so n a l i ty i n  the  Eth iop i a n  h i g h l a 11 ds . The  I T CZ i s  a low 
p res s u re zon e w h e re w i n d s  b low i n g towa rd s the  eq u ator  converge . 
Th e  con v e rgence zone  sepa rates the  i n com i n g d ry a i r  f rom moi st a i r  
n ea r  t h e  eq u ato r .  T h e  a n n u a l  N o rt h - So u t h  moveme nts  of the  I T CZ 
away f rom t h e  eq u ato r  b r i n g s  ra i n  to . s ea s on a l l y  d ry a reas ( 52 ) . 
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I n  A p r i l  the I TCZ i n t r u des  i n to s o ut h e rn Eth io p i a  betwee n 
t h e  At l a n t i c  eq u ato ri a l  weste r l i es a n d  t h e  t rop i ca l  ea s te r l i es . A s  t h e  
l atte r a scend over the  h i g h l a n d s , t h ey p rod u ce t h e  S R  w i t h  a pea k i n  
Ap r i l a n d/o r May ( 1 65 ,  65 ) . T h ese ra i n s  a re p a rt i c u l a r l y  fe lt  i n  t h e  
ea ste r n  pa rt o f  Et h iop i a  p l u s  the  South -Western  a n d  Centra l 
H i g h l a n d s . 
I n  M a y  a s  the  I T CZ moves i nto n o rt h e rn Eth iop ia  the  
Atl a n t i c  eq u a to r i a l s  a s cen d  ove r t h e  h i g h l a n d s f rom t h e  So uth - west 
p rod u c i n g  t h e  L R . 
I n  A u g u st t h e  I T CZ retu r n s to t h e  s o u t h  ove r  the  cen t ra l 
a n d  south - cent ra l pa rt of Et h i op i a . At t h i s  t i me , n o rt h e r n  Eth i op i a  
g ets some ra i n  f rom ea ste rl i es wh i c h , a s  t h ey a sce n d  ov e r  the  
E ri t rea n esca rpmen ts , s h ed most of  t h e i r moi st u re .  T h i s  h a ppen s 
a ro u n d  T s ed i a . 
I n  Novembe r ,  w ith  the  ret u r n  of t h e  I T CZ towa rd s t h e  
eq u ato r ,  t h e  south e r l y  a nt i cyc l o n es a n d  t h e  s u bs i d i n g t rop i ca l  
ea ste r l i e s  p redom i n ate b u t  b r i n g l i tt l e  o r  n o  mo i s t u re . B etwee n the  
mon th s of  Decembe r to Feb r u a ry mos t  of  the  cou n t ry i s  d ry ( 72 )  a n d  
ma n y  h e rbaceo u s  s pec i es cea se  g rowt h . 
T h e  sea son a l  d i st r i b u t ion  of ra i n  i s  somet i mes d i s ru pted by 
re l i ef fea t u res s u ch  a s  mou n ta i n s ,  l a ke b a s i n s , v a l l ey t rou g h s . T h i s  
res u l t s  i n  m i c ro - c l i mates . S u ch  va r i at i o n s  offe r a w ide  ra n ge of 
t rop i ca l  e n v i  roments fo r p l a n t  g rowt h , fo r s pec i es d i vers ity n at ive  to 
the  a rea s ,  a n d  fo r d i ffe rent  fa rm i n g  s y s tem s ( 52 ) . 
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S i n ce 700 mm is reg a rded as t h e  l eve l  of a n n u a l  ra i nfa l l  
be low w h i c h  moi st u re becomes l i m it i n g · to p l a nt g rowt h , the Eth iop i a n  
h ig h l a n d s , g e n e ra l l y ,  fa l l  w i t h i n  a n  a m p l e  ra i nfa l l  ra n g e  ( 40 ) . 
However ,  ra i nfa l l  dec reases  i n  a l l  d i rect i o n s f rom t h e  SW H i g h l a nds . 
Va r i a b i l i ty i n  ra i nfa l l  i n  most of t h e  h i g h l a n d  a rea s i s  l es s  t h a n i n  
t h e  low l a n d s  ( 72 ,  1 28)  but  i t  may st i l l  b e  i m po rta n t  i n  i t s  effects on 
p l a nt s pec i es d i fferen ces i n  t h e i r ada pted n es s . 
T h e  sea so n a l i ty of ra i nfa l l  d i st r i b ut ion  i s  of con s idera b l e  
i m po rta n ce on  l a bo r  u se ( 72 ,  1 1 7 ) .  I n  t h e  h i g h l a n d s  a reas ,  season a l  
d i st r i b ut i o n  i s  mo re u n i fo rm t h a n  t h e  yea r l y  tota l s . Fo r i n s ta n ce ,  
t h e  h ea v i est  ra i nfa l l  i n  Add i s  Ababa  occ u rs  between J u ne a n d  
Septem b e r  70 % of t h e  t i me . T h e  yea r l y  f l u ct u at i o n s i n  tota l s ,  on 
t h e  oth e r  h a n d ,  a re very p ronou n ced . T h e  va r i a t ion s fo r Add i s  
A b a ba fo r a 60 yea r per iod we re f rom 923 to 1 , 905 mm , o r  f rom 73 to 
1 5 1 �o of t h e  mea n (8 1 - ) . T h i s  mea n s  t h at it i s  pos s i b l e  fo r a l l  t he  
yea r l y  tota l to  fa l l  d u r i n g t h e  L R  pe r i od i n  u nfa vo ra b l e  y ea rs .  
S i n ce ra i nfa l l  ten d s  to be most l y  u n i mod a l  i n  t h e  cen t ra l  
h i g h l a n d s , mo re t h a n  a n y  w h e re e l se i n  E a st Af r i ca , i ts  occu rence i s  
c r u c i a l  to t h e  l i ves of ru ra l peop le . I t  a ffo rds them on l y  one  a n n u a l  
c ropp i n g w h i c h  i n  event  of fa i l u re ca n q u i c k ly  l ea d  to ma s s i ve fam i ne  
a s  obse rved i n  1 984 . C ropp i n g i s  t h e refo re ca refu l l y matc h ed w ith  
the  ra i n y sea son . D u ri n g t h e  ra i n y  p e r i od s , " t h e  who le  sea son a l  
patte rn of l a bo r i n put  i s  d i ctated by t h e  t i m i n g of t h e  i n i t i a l ra i n s ,  
fo r the  weed i n g , pest con t rol , h a rves t i n g  a n d  p roces s i n g a l l  fo l low on 
f rom t h i s  a n d  a re ent i re ly dete rm i n ed by h ow often a n d  w h e n  natu re 
i s  affect i n g  c rop a n d  weed g rowth d u r i n g  the  sea son " ( 1 1 7 ) . 
Temperature 
The overall  temperatures in the Ethiopian Highlands are lower than 
those of the tropical lowlands. The average fal l in temperature is 
37 
0. S ° C for every 1 00 m rise in elevation . The average temperatures 
are typically tropical and f luctuate by 5 ° C between the coldest and 
warmest months (1 72) . The annual  variation is from 2 ° to S ° C in 
the Ethiopian highlands (81 ) .  The highest mean monthly 
temperatures are reached during the Makar (dry) season. 
Therefore, temperature and rainfal l  are the two most 
important factors in the agriculture of the highlands as further 
recognized by th_e the traditonal names used to describe their 
combined effects on the c limate of the region (77 ) .  They are 
described in Table 1 .  
Solar Radiation 
The daily solar radiation in the tropics inclusive of the highland 
regions  averages about 400 Lan gleys ( Langley = 1 gm-calorie per 
cm2 ) .  Cloudiness during the LR season in . parts of the highlands 
such as Addis Ababa can cause considerable season ality in radiation 
thereby significantly affecting  crop yields and fertilizer response 
( 1 72) . During  the LR season, a drop in  sunshine hours of about 56 
0o is common in the months of June and July ( 81 ) .  Between August 
and September sun shine hours increase from 40 to 70 9o (81) and with 
some chance for prolonged rains, sign ificant dry matter yield can be 
achieved from crops still in development as cloudness lessens and 
T a b l e  1 :  Temperatu re - a lt i t u d e  - P E  ( Potent i a l  
eva pot ra n s p i rat ion ) re l at ion s h i p s  ( a d apted f rom G am ac h u  ( 72 ) ) .  
Ra n ge C l i ma t i c  Reg ion  
ba  A b ys s i n i a n  
tempe rate 
cb S u b h u m i d  
T rop i ca l  
A lt i t ude  
( m )  
> 3 , 000 
2 , 300 to 
3 , 000 
P E  
( cm )  
< 80 
80 to 
1 1 0 
Eth i ­




C l a s s  
N ame 
A l p i n e  
Temperate 
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de H a ra r  H i g h l a n ds 1 , 500 to 1 1 0 to We i n a  S u bt rop i ca l  
s u bt rop i ca l  2 , 300 1 25 Dega 
a = l e s s  t h a n  1 3  ° C ;  b = 1 3  ° C  to 1 6  ° C ;  c = 1 6  ° c  to 20 ° C ;  
d = 20 ° C  to 24 ° C  mea n month l y  temperatu res . 
wa rm i n g t re n d s  beg i n . 
Ag r icu l tu re i n  t h e  Eth i op i a n  H i g h l a n d s  
T h e  Deve lopment of Ag r i c u l tu re 
Eth iop i a  h i sto r i ca l ly dates to O l d  Testament  t i mes . I t  i s  t h e  cente r of 
domest i cat ion  of teff , noog ( Q u i zot i a  a bys s i n i ca ) , en s ete ( E n s ete 
vent r i cos a ) ,  a n d  pos s i b l y  f i nger  m i l l et ( E leu s i n e co raca n a ) . T h i s  i s  
con t ra ry t o  t h e  cent r i c  v i ew of Va v i l of w h i c h  a sc r i bed ma n y  other  
crops to  t h e  reg ion  a s  t h e  on l y  Af r i ca n center  of  d i v e rs i ty ( 62 , 84 ) . 
Ag r i c u l tu re p roba b l y  beg a n  i n  Eth iop i a  d u r i n g t h e  th i rd 
m i l l en n i u m ( B C )  of mou nd  sett l eme nt . Ea r ly  c rops were loca l l y g row n 
varieties i�itially tried for u se together with the introdu ction of 
cattle, sheep and goats . The crops were probably favored by the 
great altitudinal variation in the cou n try (50) . 
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Crop cultivation was influenced by extern al contacts . As 
early as 1, 000 BC , Ethiopia was in tou ch with the Sabaen Kingdom in 
Yemen (which is purpoted to be the meeting place between the Q ueen 
of Sheba and King Solomon whose son is regarded as the founder of 
the 3, 000 year-old Royal Dynasty (159) ) .  These early contacts led 
to the i ntroduction of the plow, and to c ultivation of barley and 
wheat . The above items are thought to have been introdu ced into 
Ethiopia by the Cushites in the north who had better contacts with 
inhabitants north of the Red Sea (50) . Use of plow and draft 
animals is largely an ancient Middle-Eastern practice but is prevalent 
in Ethiopia and Northern Sudan . This practice is unique in African 
traditional agriculture (84) . 
F urthermore , raising teff as a ce real and ensete as a root­
crop in Ethiopian agriculture attests to the region's historical 
differences from her southern neighbors ( 105) . These crops a re 
widely distrib u ted at higher altitudes in high rainfall arable areas . 
Their cu ltivation dates to antiquity (50) . 
The Socio-economics of Agriculture 
Ethiopia is reported to be one of the poorest countries of the world 
(1 7) . Over one half of the country's  Gross Domestic Product (GD P )  
is derived from agriculture. Most farming is practiced at the 
subsistance level and sustains from 85 to 90 % of the country's  
population. Crops are important to the country's economy. 
Livestock production does not contribute much to the GDP al though 
the country owns the largest l ivestock herd in Africa (between 70 
and 80 mi l l ion animal s  including catt l e, sheep, goats and equines) 
( 1 6 ,  1 78 ) . 
The composition of agriculture in the Ethiopian highlands 
today is varied. Gitahun (77 ) recognized two agricultural sectors : 
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Highland mixed agriculture (hoe and pl ough horticul tural -mixed 
crops- l ivestock complex) and modern (commercial )  agricul ture with 
intensive crop/l ivestock farming . This heterogeneity refl ects the 
agricul tural importance of the Ethiopian highlands which are said to 
be the nucl eus of the the country for having agricul tural l y  favorable 
soi ls  and cl imate important in national economy (10 5, 1 78 ) ,  rich in 
native grassl and, forage and feed resources with potential for 
intensification of dairy, meat and wool production (120 ) ,  freedom from 
trypanomiasis (10 5 ) , growing conditions suitabl e  for cash and staple 
crops unadapted to lowlands (10 5) , and a large manpower resource : 
some 22 mil l ion people, who make up 70 % of the country' s  total 
population . 
Subsistence Agriculture, Food Crops and Livestock Resources. 
Land in Ethiopia is individuall y  farmed but not owned . I ndividual 
al locations of p lots ranging from 0.5 to 5 hectares are made by the 
Peasants' Associations to famil ies depending on their size, the 
fertil ity of the l and and their farming methods (83 ) .  Such 
smal l ho ldings incorporate many of the common e lements of subsistence 
agricu l ture ( 1 86) which incl ude arabl e  land under annual crops, 
farmyard or ' mixed' gardening, l ivestock raising on pastures or 
permanent fal lows and marginal areas, on crop residues · ,  hay, and 
stubble . Poultry raising is a lso marginal. 
Dung is burnt for fuel not used as manure, and crop 
residues are eaten by stock rather than returned to the soi l . This 
l evel of subsistence is common to a l l the zones proposed by Gitahun 
(77) of land use potential ities which inc lude : 
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1 .  the high potential cereal-l ivestock zone, about 209, 920 km2 in 
area and covering the Central highlands, Arsi and Bal e  Massifs, 
and the Haraghe highlands, 
2 .  the high potential agricul tura l l ivestock zone about, 126, 968 km2 
and covering the S .  E .  high lands, Welayta-Gemu Gofa region and 
the S. W .  p lateau, and 
3 .  the l ow potential cereal l ivestock highl ands bordering the Rift 
Val l ey constituting onl y  a smal l area of the highlands . 
Subsistance areas in the Ethiopian highlands, because of 
their smal l sizes, are intensive ly uti l ised but improved livestock 
production can be accomplished in these areas through integrati on of 
forage product ion within the rotation a I sys terns ( 196) . 
Cereals  occupy about two thirds of the cu ltivated land in 
the Ethiopian H ighl ands with major contributions coming from teff , 
bar ley ,  wheat , maize , sorghum, and finger mi l l et . Maj or pulse crops 
incl ude horse beans , chickpeas , fie ld peas , haricot beans ( f . 
vulgaris ) , and lenti ls  ( Lens escul enta ) .  Other crops are noog , f lax 
( Lin um ubitatisimum) and vetch species ( 16 ) . 
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The percentage of the cereal l and occupied by teff, maize, 
sorghum, barl ey, wheat and mil let are 30, 17, 17, 17, 13 and 6, 
respectivel y. 
With the excl usion of mi l let, cereal crops provide about 
three quarters of the cal orie intake of Ethiopians and occupy about 
2/3 of the arable  l and . Horse Beans occupy 43 % of the remaining 
1/3 of the land. Cereals produce large y ie lds of crop residue whose 
feeding value to- l ivestock could con siderabl y  be improved by a 
suitable  companion forage legume . 
Sma l l -scale farmers and (nomadic) pastoral ists keep most of 
Ethiopia's  l ivestock with the majority in the highlands zone. 
Efficiency of l ivestock production is very l ow, regardless of the 
purpose for which they are kept. The estimated mil k  output from an 
indigenous cow is from 300 to 500 liters per year ( 178 ) .  This is 
meagre when compared to an output of 6, 3 63 l iters of mi l k  from a 
Holstein Fresian cow under average conditions in the U nited States 
( 1 66) . I ndigeneous cows reach maturity after f ive yea rs with a 
slaughtering weight of onl y  250 kg (178 ) .  The causes for low 
outputs are many, includi ng inadequate feeding practices, widespread 
di sease, undeveloped husbandry methods, inferior breed 
characteristics ( strictly geared toward survival ) ,  poor mar keting 
infrastructure, insufficient health and advisory services ( 1 78 ) . 
Other animal stoc k are equal ly unproductive . Liveweight of sheep 
averages between 20 -30 kg and the annual egg production of a hen 
fa l ls between 50-60 eggs ( 1 78) . 
The nation's prote in intake i s  one of the lowest in the 
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world. The country ' s  esti mated per capita milk and meat consumption 
is only 30 liters and about 13 kg/year , respectively in the rural 
areas. The low level of animal production in such areas of Africa 
can be improved th rough identi fication of the major constraints but 
many of the proposals which have been formulated have not been 
successful (164 ) . 
Forage productiv ity is one of the natural constraints to 
livestock/ forage development in  the Ethiopian h ighlands. Tropical 
grasses decline markedly with age as the dry season approaches . 
Dry Matter Digestab i lity (DMD)  as h igh as 78 % and cell wall contents 
as low as 27 %, not uncommon in many tropical grasses , will reduce 
both intake and digestability (196) . Crude Protein (CP)  below 7 . 0  % 
also will, generally, depress DM intake in  tropi cal hays (129) . Yet it 
is these grasses which predominate in the natural ecosystems in many 
tropi cal areas. 
Livestock outputs and their prices are largely determi ned 
by avai lable pasture or fodder (54 ) . B oth the y ield and quali ty of 
fodder are h igh at the begi nning of the growi ng season and dwi ndle 
at the end. Consequently ,  ani mal performan ce goes down . I n  the 
Ethi opian Highlands where distinct rainy and dry seasons prevail, 
fluctuation i n  feed supply is  a serious constra i nt to l ivestock 
producti on .  The s ituation can be overcome by supplementing feed 
with concentrates , use of l arge amounts of N to fert i l i ze pasture 
grasses , irr igation during the dry season i n  order to mai ntain 
suff ic ient feed , and/or use of forage legumes . Among these , the 
most pragmati c opt ion for l ow cost l ivestoc k  producti on would be the 
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use of suitable forage legumes . Serrao et al. ( 1 73) , have maintained 
that use of adapted legumes a long with proper stocking rates and 
periodic addition of phosphate fertil izer in pasture cul tivation should 
improve the chemical properties of deteriorated soi ls  while increasing 
pasture production. 
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B .  F i e l d  t r i a l s  
1 .  S c ree n i n g 
E x pe ri me n t  1 
T h i rty fo u r  s t ra i n s  of T r i fo l i u m tembe n s e  we re co l l ected f rom fou r 
maj o r  D i rect i o n a l Reg i o n s  ( D RA A )  betwee n N ov . 1 a n d  Dec . 8 ,  1 982 . 
Add i s  A b a ba wa s con s i de red a s  t h e  poi n t  of geog ra p h i ca l  refe ren ce . 
Maj o r  road s  rad i at i n g  f rom t h e  c ity to t h e  N o rt h  ( N ) , South ( S ) , 
East  ( E ) a n d  West (W)  p rov i ded a n etwo r k  fo r des i g n at i n g  f i ve D RA A  
a rea s . T h e  f i rst_ D RAA f i e l d  e x p l o rat ion  wa s m a d e  between N a n d  N E  
( coded a s  D R A A  1 2 ) a n d i n c l u ded J i h u r , Deb re B e r h a n , A n kobe r ,  
S e l a d e n g a y  a n d  Deb re S i n a . A rea s between N E  a n d  E a n d  betwee n E 
a n d  S E  ( i . e . D RAA 23 a n d  34 , res pecti v e l y )  we re not ex p l o red a s  
t h ey we re i n a cces s i b l e  a n d , gen e ra l l y ,  too d ry fo r g rowth of t h e  
s pec i es . T h e  s econ d  D RAA a rea ( i . e .  Reg ion  45 ) i n c l u ded s ites 
a lo n g  t h e  A s e l a - Goba road a n d  the Dodo l a - S h a s h ema n e - Ad d i s  road 
l y i n g  betwee n S E  a n d S .  S u b s eq u e n t  e x p l o rat ion s we re made between 
S a n d SW ( D RA A  56) , SW a n d  W ( D RA A  67 ) , a n d  between NW a n d  N 
( D RAA 81 ) .  Reg i o n s  56 , 67 a n d  81  we re s i t u ated a l o n g  the  
S h a s h ema n e - A rba M i n c h , Ambo- N e kmte - J i mma , and  Goj j a m roa d s ,  
res pect i v e l y . T h e  seq u en ce of e x p l o rat i o n s  was a r ra n g ed to co i n c i d e  
w ith  s eed mat u rat ion  i n  reg i o n s  of co l l ect ion . 
T h e  ex p lorat ion des i g n  wa s b a sed pa rt l y  on the mod i f i ed 
co n cept of K raj i n a ( 1 1 3 )  a n d ot h e rs ( 6 ,  32 , 8 1 , 1 99 ,  200 , 205 ) . 
T h e  g e rm p l a sm co l l ect ion  des i g n  was h i e ra rc h i ca l . S i tes confou n ded 
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i n  a l t i t u des we re nested w i th i n  reg i o n s .  F rom eac h  s ite , r i pe seed 
a n d  so i l s a m p l es we re co l l ected a nd g i ve n  a n  I LCA a cces ion n u mber . 
S eed wa s col l ected f rom a few i nd i v i d u a l  p l a n ts at  eac h  s i te to avo id 
m i x ed g enotypes . Oth e r  i nfo rmat ion  obta i n ed fo r each  s i te i n c l uded 
d i sta n ce f rom Add i s  Ababa , l a t i tude  a n d l o n g i tude . C l i mat i c  data 
we re com p i l ed based on t h e  Eth iop i a n  Ma pp i n g  Age n cy ' s  weat h e r  
i nfo rmat i o n  fo r each s ite .  A s u mma ry of t h e  acces s io n s  u sed i s  g i ven 
in Appen d i x  4 .  
S eed obta i n ed from t h e  g e rm p l a s m co l l ect ion  was p l a nted i n  
a s h ade  hou s e  o n  J u n e 1 a n d  2 ,  1 983 .  S t ra i n s  we re sow n , f ive  
u n sca r i f i ed seeds per t u be ,  i n  open - en d ed p l a st i c  tu bes mea s u r i n g  
5 .  5 c m  i n  d i amete r a nd 1 2  c m  i n  l e n g t h . T h e  pott i n g  med i u m  wa s a 
b l a c k  so i l  f rom S ho l a  m i x ed w i t h  eq u a l  pa rts of a n i ma l  ma n u re .  F i fty 
tu bes we re u sed fo r each  pop u l at ion . P l a nts we re wate red a s  
n eeded . D u r i n g  germ i n at ion  a n d  s eed l i n g g rowt h , t h e  deg ree of 
eme rg e n ce of p l a nts w ith i n  a n d  betwee n s t ra i n s  wa s noted . 
Seed l i n gs  we re t ra n s p l a nted a s  spaced p l a n ts at S ho la  on 
J u l y 26 , 1 983 d u r i n g  the long g row i n g  sea son . S i n ce T .  temben se 
t h r i ves best u n der  very wet cond i t i o n s a f l at a rea with m i n i m u m  ru n ­
off wa s c h osen . T h e  n u rsery wa s p l o u g h ed ,  h a r rowed , a n d  h a n d  
p repa red befo re p l a nt i n g . Fo r eac h  st ra i n  u n ifo rm seed l i n gs  we re 
se l ected fo r t ra n s p l a nt i ng . Po l yt h e n e  s h eath i n g s  fo rm i n g  the  tu be 
we re removed a n d  seed l i n gs  we re p l a n ted i nta ct w i th  t h e  pott i ng  so i l . 
Each e n t ry wa s p l a nted i n  a 4 m row a n d  rep l i cated tw i ce i n  a 
com p l ete l y  ra ndom i zed b loc k des ig n . I n te r - row spac i n g  wa s 40 cm . 
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A l ocal test- site control l ine , Medicago polymorpha , had been p lanted 
earlier on Ju ly  2 ,  1 983 , a long the p l ot boundary, between replicates 
(bl oc ks) , and paral le l  to rows at every four entries laying in 
opposite direction to the p lot length. Extra seedl ings were 
maintained in the shade house for possibl e  p l ant replacement in event 
of damage in the field  by hail or flooding . Data recorded were : 
1 .  50 -seed weight at prepl ant parent , 
2 .  50 -seed weight at postharvest progeny, 
3. 1 000 -seed weight at postharvest progeny, 
4 .  seed size: length and width progeny , 
5. germi nation counts petri-dish , 
6. seedl ing emergence tube soil , 
7 .  height and spread, 
8 .  a recentl y  unfolded trifol iate leaf (RUTL) in terms of 
petiole length , leaflet l ength and width , 
9 .  number of trifoliate l eaves on l ateral branches of the main 
cu l m ,  
1 0 . p lant weight in terms of green and dry weights , 
1 1 . nodule number per p lant tube soi l , 
1 2 . number of branches per p lant, 
1 3 . stem thickness and length, 
1 4 .  leaf size in terms of length and width , and 
1 5 .  date of i nfl orescen se in itiation ( when f lora I bud first 
appeared) .  
Data were taken on items 7 ,  8 through 1 1 , and 1 2  through 1 5  on 
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August 2, August 8, and September 5, 1983, respectivel y . Variables 
recorded for each site from which th.e popul ations were col lected 
were : 1. soi l mineral s, and 2 .  soil texture . 
Ana l ysis of variance, estimation of variance components, 
determination of intrac lass correl ation s  and discriminant analyses were 
performed on the data . Variance components were used for 
computing intraclass correl ations which may be regarded, in a broad 
sense, as rough estimates of strain heritabi l ity . Laboratory and 
screen house measurements taken on  individual plants were used in 
estimating the variance components o n  the basis of a completely 
randomized design while field measurements were based on a 
randomized b lock desig n .  The intrac l ass corre lations to be denoted 
as 1 5were cal culated from the formul ae : 
or 
0 2 / ( 
5 
a 2 + o.2 ) 
s I WS 
I =  0
2 / ( 0 2 + 0
2 
+ o �  ) 
5 5 S rs I W S 
( Equation 1) 
( Equation 2) 
where s denotes strains , r denotes replications and iws denotes 
individuals within strains. The ot is then the total genetic variance 
of s ,  r and iws variances and is a sum value of the denominator (see 
Equations 1 and 2) . 
A discriminant procedure using a quadratic function was 
employed , ( 179) ,  to classify the respective s ites of collection , i ,  
( confounded in altitudes) into one of the five DRA A  Regions : 12 , 45 , 
56 , 67 and 81 ( W. )  on the basis of measurements ( x .  
I I 
, . . . , 
x ) made on 33 c h a ra cte r i st i c s , p ,  w h i c h  a re a s  s h ow n i n  Ta b l e  p 
2 .  
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T h e  a bove m u l t i v a r iates we re a s s u med to be cont i n uo u s a n d  
n o rma l l y d i s t r i b uted a n d  we re u s ed i n  deve lop i n g  a l i n ea r  
d i sc ri m i n a nt f u n ct i on ( s co re Z )  g i v e n  by 
( E q u at ion 3 )  
I f  x i s  f rom W1 then  Z i s  no rm a l w i t h  mea n : 
( Eq u at ion  4 )  
a n d  va r i a n c e  
p p 
oz 
2 = I I al a . .  a .  
±= 1 j =-1 . 1.J J 
( Eq uat io n  5 )  
b u t  i f  X i s  f rom W2 , then  z i s  no rma l w i t h  l; = 2 r aj µ2 ja n d  same 
O n ce c; 1a n d  c;2 a re k n ow n , c ca n be d ete rm i n ed f rom va r i a n ce o 2 z 
( Eq u at ion 6 )  
a
.l
, . . .  , a a re chosen s u c h  th at t h ey s epa rate both zeta s a s  fa r 
- p 
a s  pos s i b l e  f rom each oth e r  rel at i ve to oz 
2 
• To ach i ev e  th i s  
sepa rat i o n , a s q u a red g en e ra l i zed d i sta n ce between  reg i on s i s  
ca l c u  l ated a s : 
� 2 = ( ,  _ ,  ) 2 ; 0 2 1 2 z ( E q uat ion  7 )  
A method fo r opt i m i z i n g d i s c r i m i n at ion  betw ee n  reg i o n s i s  to 
ma x i m i ze t h e  p roba b i l i ty of co r rect a l l ocat i o n  of v ecto r ( s )  of samp l e  
poi nts (i. e .  posterior probabilit ies which are condi tional such that 
and 
� x ) Pr (W I x) 
p p 2 
50 
P r ( W 2 I x ) = 1 / { 1 + ex p ( � 
+ a
1 
x1 + , • . .  ) } ( Equation 8) . 




, . . . , a
p
are constants used in classi fying x (vector of 
observations) into W1 if Z > c and into W2 if Z < c ;  
where c is another constant for stratif ication . 
x are the sample points, i.e. sites of each strai n  collection 
p are the characteri stics shown in Table 2 
x is vector (Equation 8) = ( 1 , x1 , x i , • . •  , xp ) , x0 � 1 
µ is the population mean of X 
°i Jire the variances and covariances 
Z is  a l inear combination of x observations 
z-; is the mean of Z 
c?- is the vari ance of Z z 
Wi denotes D RAA 
Pr (W I x ) denotes posterior condi t i onal probabi l i ty that a 
strai n  s ite ,  i ,  comes from W given i ts observation 
vector x 
q denotes prior probabil ity 
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Tab l e  2:  Characteristics used in discriminant analysis . 
Va riables - - - - - - - - - - - - - - - - - D RAA - - - - -·- - · - - - - - - - - - -
12 4 5  56 67 81 
Morphological (cm) 
Stem thickness 0 . 5  0 . 5  0 . 3  0 . 4  0 . 4  
Stem length 13 . 5  1 1 . 3  12 . 4  12 . 3  16 . 8  
Plant height 7 . 2  6 . 5 6 . 6 6 . 6  9 . 5  
No . secon dary culms 3 . 9 4 . 7 5 . 2  5 . 2  7 . 9 
Leaf width 1 . 2  1 . 2  1 . 3  1 . 4  1 . 4 
Chemical ( so i l s )  major 1 
Organic Matte r 2 . 2  3 . 5  3 . 5  4 . 3  3 . 5  
Phosphorus (Bray ) 28 . 1 12 . 2  8 . 3  3 . 0  5 . 7  
Potassium 811 . 9  849 . 7  987 . 6  638 . 0  653 . 0  
Calcium 3766 . 8  2843 . 5  1835 . 8  2941 . 0  4122 . 3  
Magnesium 814 . 6  449 . 5  356 . 3  7 18 . 3  1030 . 0  
Trace m inerals (ppm) 
Z i nc 1 . 4  2 . 6  2 . 8  2 .  1 1 .  1 
Iron 64 . 2  65 . 9  68 . 7  74 . 7  107 . 6  
Manga n e s e  49 . 8  51 . 4  47 . 9  56 . 6  43 .4 
Copper 2 . 8  2 . 8  2 . 2  1 . 8  9 . 6  
Others 
pH 5 . 8  5 . 5 5 . 5 5 . 4  5 . 3 
Sulfur { ppm) 1 . 3 4 . 5  3 .  1 4 . 4  2 .  1 
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Ta b l e  2 ( cont i n u ed ) 
Va r i a b l es - - - - - - - - - - - - - - - - - D RAA - - - · - - · ·- - - - - - - - - -
1 2  45 56 67 8 1  
Pa rt i c l e  size ( tota l )  
C l ay < . 002 mm 42 . 4  48 . 4  4 1 . 4  7 1 . 7 64 . 0  
S i l t . 002 - . 05 mm 4 1 . 5  36 . 2  37 . 0  2 1 . 7 50 . 1 
S a n d  . 05-2  m m  1 3 . 6  1 4 . 7 2 1 . 7 6 . 5 3 . 9  
0o S i l t 
F i n e  . 002 - . 005 mm 9 . 3 1 0 . 9 8 . 8  8 . 5  5 . 7  
Med i u m . 005- . 02 mm 1 7 .  1 1 6 .  1 1 3 . 9  1 1 . 3 1 3 . 6  
Coa rse . 02 - . 50 mm 1 7 .  1 1 0 . 0  1 4 . 3  1 .  9 30 . 8  
% S a n d  
Ve ry f i n e  . 05- . 1 0  mm 4 . 0  2 . 7  5 . 4  1 .  8 1 . 0 
F i n e  . 1 0- . 25 mni 3 . 7  4 . 0  8 . 0  2 . 2  1 . 0 
Med i u m . 25- . 50 mm 2 . 3 3 . 6  4 . 3  1 . 4 0 . 8  
Coa rse . 5 - 1  mm 2 . 0  2 . 8  2 . 9  1 . 1 0 . 8  
Ve ry coa rse 1 -2 mm 2 . 3  1 . 5 1 . 2 0 . 3  0 . 2  
So i l moi s tu re 1 5- ba r  25 . 6  27 . 3  24 . 7  36 . 7  3 1 . 4  
E x ch a n g ea b l e  cat io n s 1 00 meq/ l g so i l 
Sod i u m 0 . 1 7  0 . 28 0 .  1 8  0 . 27 1 . 24 
Pota s i u m  1 .  69 2 . 59 2 . 02 1 . 3 1  1 . 63 
Ca l c i u m  30 . 1 1  26 . 33 1 9 .  1 9  27 . 70 37 . 90 
Mag n es i u m 9 . 05 5 . 33 4 . 47 8 . 06 1 2 . 04 
S ites 25 . 60 1 5 � 80 1 3 . 80 6 . 70 1 8 . 70 
1 Amou nts  i n  p pm ex cept fo r so i l OM % .  
2 .  Y i e ld  eva l u at ion  i n  sma l l - s ca l e  cutti ng E x pe r i ments . 
E x pe r i me n t  2 
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This experiment served as preliminary evaluation of forage yield of 
two native ( Trifolium rueppellianum I LCA 5791 and T �  tembense I LCA 
6278) and two exotic ( for comparison) ( T. resupinatum I LCA 7022 and 
T. fragiferum I LCA 6280 ) clovers grown without fertilization . 
The experiment was planted at Shola on June 7, 1 982 at the 
commencement of the long growing season. Prior to planting, the 
f ield was prepared as described for Experiment 1 .  Thirty random 
soil samples were bulked and analyzed for the major plant nutrients 
prior to planting. Available P was low while other nutrients 
appeared to be amply available (Tables 2 1  and 22) . 
Experimental design was a randomized complete block with 
four replications. Each species was represented in a replication by 
three randomized plots consisting of five 4 m rows spaced 40 cm 
apart. Seeds were mechanically scarified with sandpaper and sown at 
rates of 9, 8, 5 and 5 kg/ha for T. rueppell ianum, T. tembense, T. 
resupinatum and T. fragiferum, respect ively. Exotic l ines were 
inoculated with Type B Rhi zob ium. Hi gher rates of seeding were 
used for the nat ive spec ies because of difficulties encountered in 
removing  i nert material from seed lots. Purity in the natives was 
estimated to range from 60 to 70 90 compared to at least 90 90 for 
exotics which were seeded at the rates recommended by Wheeler 
( 1 9 1 ) .  
Dry matter yields were determined at six sequential dates 
by harvestin g  a 0. 6 m 2 quad rat with in  the three cen ter rows of each 
plot at 2. 5 cm stubble height. Cut herbage was dried i n  a forced- air 
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oven at 65 ° C for 72 hours prior to d ry matter weight  determination. 
Experiment 3 
This experiment evaluated d ry matter yield in two native and two 
ex otic clovers with four rates of phosphate fertilizer .  I t  was planted 
at Shola on July 7, 1 982. The same seed materials of 
T. rueppellianum, T. tembense and T. f ragiferum employed in 
Experiment 2 were used. Initial P in the form of triple 
superphosphate (TSP) was banded below the seed, at rates of 0, 2, 
4 and 1 0  kg/ h a. 
Site p reparation, p retreatment of seed, planting method, 
plot dimensions," row spacing, sowing rates, field management and DM , 
yield procedures were similar to those described for Experiment 2. 
Experimental design was a factorial ar rangement of species and P 
rates in a randomized complete block with four replications. Six 
sequential harvests were taken from separate sampling units within 
each plot using the same quad rat frame p reviously desc r ibed 
( Experiment 2) . 
Experiment 4 
Th is experiment evaluated reseeding ability of T. rueppellianum, 
T .  tembense , and T. fragiferum and productivity in the second yea r 
from volunteer stands. 
Plots used in Experiment 3 were utilised fo r this study. 
Toward the end of the season's  growth,  old stubble and dead material 
were removed from the plots. The experiment was fenced with 
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chicken wire for protection until 1983 when evaluation on self-seeded 
stands commenced . 
Coarse weeds were removed from the plots occasionally 
between seasons . At the start of the short rains , time of seedling 
emergence of self -seeded stands was noted as April 1 ,  1983. Four 
weeks following that date , random areas within each plot were marked 
for ta king seedling counts and to permit repeated observations . 
A quadrat frame , 25 cm . x 30 cm divided into grids by thin 
threads at 5 cm intervals was used to determine seedling survival . 
Counts were taken on April 26 (during � ) ,  May 18 , (in early 
Maker) and , on June 13 during late Maker or into early Maher . 
Later, · cuts for DM yield were made at 120 , 135 , 150 and 
165 days after seedling emergence . A larger quadrat divided into 60 
10 - cm grids was used for harvesting . Total dry matter yields from 
the quadrat were divided by the number of grids from which 
harvests were obtained and averaged on a per grid basis to eliminate 
any non uniformity in stand densities . Fresh herbage was separated 
into clover and other plants and weighed separately . Total weight 
was the sum of the two components . Cut · herbage was dried in a 
forced-air oven as previously described in preceding experiments . 
Experiment Sa 
This laboratory study investigated the plant mineral concentrations 
based on leaf tissue analyses for species used in Experiment 2 .  I t  
was undertaken to investigate species differences and effects of 
ap plied P upon selected leaf tissue minerals . 
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Just p rior to bloom (Sept 9, 1 982) the clovers were samp led 
according to p rocedu res recommended by Wolf  (203) , and Martin and 
Matocha (1 24) . Matu re leaf-blades of the c lover were taken from 
app roximately  1 /3 of the way down f rom the top of the p lant . Fifty 
blades were obtained from 1 0  p lants per row in each p l ot within 
rep lications at 0, 4 and 1 0  kg/ha of app l ied P. Materials  were p laced 
in mus l in bags , taken to the laboratory where they were washed by 
sponging with a piece of cotton wool in 0. 1 % detergent , rinsed, and 
p laced in c lean muslin bags. These we re suspended in an air-forced 
oven and rapidly dried at 80 ° C for 1 h and subsequ ent ly at 70 ° C 
for 72. Afterwhich, the mate rial was hand g round to fineness by 
mortar and pestle . The g round material was redried at 70 ° C, placed 
in c lean bottles, sealed and stored in 4 ° C .  
The analysis was performed in I LCA's nutrition laboratory 
u sing Cotinnie' s  (54) recommended wet digest p rocedu res. The 
Atomic Absorption S pectroscope (AAS) , the Perkin E lmer , model No 
2380 at the I LCA nutrition laboratory was emp loyed in determining 
and reading the mineral concentrations. Percent DM , N and Ash 
w e re determined using standard methods. 
Experiment Sb 
This was anothe r laboratory assay on nut ritive qua l ity of the same 
clovers used in above studies . This stu dy examined effects of late 
cutting on selected quality pa rameters. 
Plant materials were sampled f rom Expe riment 3. After dry 
weights had been obtained for yield determinations , samples for 
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T. tembense , T. rueppellianum , and T .  fragiferum were individually 
bulked and ground to pass through a 1 mm sieve . Duplicate samples 
were analysed at P treatments of 0 ,  2 ,  4 ,  and 10. 0 kg/ h a  and at 
harvest periods of 120 , 135 , and 150 days after planting . Samples 
were assayed for % DM, Ash , Ca, N D F ,  ADF ,  lignin and P in the 
I LCA Nutrition Laboratory according to Cottinie's  (54) recommended 
p roced u res . 
E xperiment 6 
This study dealt with the effect of phosphorus fertilization on dry 
matter production of several clover species at Shola . 
The experiment was sown on June 23 , 1983 at Shela (on 
Vertisols) and Debre Zeit (on light soils) during the long rainy 
season in a split-split plot of a randomized complete design with 4 
replications. Sub -plots measured 2 x 4 m and were separated from 
each other within main plots by 75 cm pathways .  Pathways between 
main plots were 1 m wide . 
Lines used are listed in Appendix 5. Various sieves were 
used to separate seed into uniform sizes . Seed was cleaned using 
the South Dakota Seed Blower . Sieve sizes and seeding rates are 
shown in Appendix 6. 
Soils and site preparation procedures were similar to those 
previously described. Scarified seed was planted in 40 cm row 
spacings . Five rows were planted per plot at Shola ( for purposes of 
repeatability) and only 4 rows/ plot at Debre Zeit ( in order to 
conserve both time and space). Thus at Deb re Zeit plots rneasu red 
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1 . 6 X 4 m .  
The exotic annual clovers T .  subterraneum and T .  
alexandrinum were planted at 8. 8 kg/ha while T .  resupanatum was 
seeded at 7 .  5 kg/ha . The e xotics were appropriately inoculated .  
Phosphate fertilizer in TSP form was banded below seed at 
0 ,  5, 10, 20, and 35 kg/ha. 
Biwee kly cuts were initiated 75 days after planting at both 
sites . At Deb re Zeit, only four cuts were made as growth 
prematurely terminated due to dry conditions . 
Fresh soil samples were periodically obtained (0-10 and 
10- 20 cm depth) at Debre Zeit and Shala throughout the growing 
season, and were oven dried for 48 hours to determine moisture 
content . Samples obtained from each site at 0-10 and 10-20 cm soil 
depth were air-dried, gently crushed and passed through a 2 mm 
sieve from which texture analysis an9 moisture contents were 
determined at 1/3 and 15- bar tensions. 
E xperiment 7 
This experiment investigated forage production of three clover 
species compared to a known chec k at Deb re Berhan . The site used 
was situated in a previously cultivated field on the upper reaches of 
wet bottomland on a slightly slanting grade susceptible to run-off . 
I t  was ox en ploughed and harrowed twice . Hand-labor was util ized 
to further prepare the seedbed . Plot sizes, row spacing and 
planting methods were similar to those of E xperiment 2 .  Planting was 
done on July 14, 1982 during the long growing season . 
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Trifolium tembense and T .  rueppellianum occur naturally 
around Debre Berhan and so were selected for study by using the 
same accessions and seeding rates used in Experiment 2·. Trifolium 
resupinatum was appropriately inoculated and also seeded at rates 
previously used . Vicia dasycarpa, obtained from 1981 Debre Zeit 
multiplication plots was sown at 20 kg/ha for comparison . Trial 
design was similar to Experiment 2 except for addition of di-ammonium 
phosphate fertilizer applied at 3 . 6 , 9 . 2 N P  kg/ha to correct 
suspected low soil N and P .  Run-off was minimized by small drainage 
canals constructed around the field . Weed populations were naturally 
low due to the ground's constant sogginess . The 1 m pathways 
between plots were laid with sod to prevent them from becoming 
muddy . Harvests were made on Sept . 22, Oct . 12 and 27, Nov . 10 
and 29, and terminated on Dec . 1 7, 1982. Cuts were made and 
processed for DM evaluation in a similar manner to procedures 
al ready described . 
Experiment 8 
This experiment evaluated seed productivity of native clover species 
under P fertilization during the long rainy season at Shala . The 
established plots of mature plants from Experiment 5 were used . 
Experimental design was a completely randomi zed bloc k desi gn with 
four repli cations of 0 ,  10 and 35 kg P/ha . 
A segment 90 cm in length was sta ked out in both of the 
two alternate outside rows of each plot . Plants within the segments 
were propped up by a string t ied around the stakes to support seed 
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heads up off the ground. Seed was allowed to ripen and was 
harvested j ust prior to shattering by clipping seed heads on 
differential schedules depending on species . During harvesting, 
polyethylene sheetings were laid j ust below the plants so that any 
seed which shattered fell on the sheets . This method considerably 
saved on labor which would have been required to retrieve seed lost 
to the ground . Seed pods were sun-dried for one week before 
threshing . 
Seeds were threshed on corrugated rubber-boards , cleaned, 
and dry weights recorded . A thousand seed-weight at various P 
rates were compared to one-gram seed counts. 
Experiment 9 
This experiment studied effect of sowing time upon establishment and 
productivity of 1 2  clover species . I t  was initiated in mid- March at 
the commencement of short rains (SR) and mid-J une at the start of 
the long rains (LR) . Experimental design was a 4-replicate 
randomized complete block with a split-split plot arrangement of 
species as main treatments and SR and LR as sub-treatments and 
within harvesting times ( HT) as sub-plots . Three sequential dates in 
separate quadrat segments were made as early cuts at 1 25 days , late 
cuts at 160 days , and end- of -growth cuts at maturity . The SR and 
LR plots were contiguous . The plots measured 2 x 3 m in size with 
five rows spaced 40 cm apart . Twe l ve species were sown using same 
seed of T .  rueppellianum , T .  tembense , T .  resupinatum , and T .  
fragiferum as in experiments previous ly described . Other species 
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used are described in Appendix 7. Ex otic species were included for 
comparison. 
The site was p loughed in early February and ·soil prepared 
to fine . tilth. The SR and LR p lantings were done as soon as the 
respective rains began , i. e March 15 and June 21. Triple 
superphosphate was banded below seed at 10. 0 kg P/ha to ensure 
good seedl ing establishment. This P l evel in the previous yield 
experiments had invoked a response in clovers and hence was 
regarded as sufficient for correcting any P soil inadequacy at the 
site. 
All  sown species were mechanical ly scarified prior to ' 
planting and seeded at 10 kg/ ha. Onl y  the exotic clovers were 
inoculated as described in the preceding experiments. Seed was 
weighed out per row to ensure uniform hand-sowing. 
After emergence , plots were kept free from weeds by 
regular weeding . Field emergence and surviving seedlings were 
counted using a 30 cm rul er placed at the mid-point of each row per 
plot. This procedure was commenced with the SR treatment toward 
the end of April through June when the Bega effects were most 
pronounced to affect seedling growth. Counts were taken at 3 week 
intervals from the first date of sampling. Similarly , the LR treatment 
was counted so that trends in both the � and the Maker seasons 
could be compared. The sampling dates for SR were April 26 , May 
19 , and J une 6 . The LR dates were J u l y  27, August 17 , and 
September 21 . I n  both seasons , seedl ings were checked for 
nodulation at 7 _5 days after planting. 
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At the aforementioned harvest dates, y ields were determined 
on the basis of the rate at which OM was accumulated up to max imum 
growth (i . e  end-of-growth cuts ) among various species, and the time 
interval the clovers were let to grow ( and thus cut at two fixed 
dates (i.e. , early and late) . 
A 0. 50 x 1. 2 m quadrat was employed to obtain subplot 
harvests. Dry matter yield determinations_ were made using similar 
procedures prev iously described. 
E x periment 10 
This experiment studied relative proportions on weight basis of 
vegetative and reproductive organs, and quality parameter of various 
fractions.  
Plant materials were sampled from E xperiment 3 on 
September 9, 1 982. One hundred fourty-four individual plants were 
obtained (6 plants/guard row X 2 species X 3 P levels X 4 replicates )  
from a pair of guard rows for each plot of T .  tembense and T .  
rueppell i anum at 0, 4 and 10 kg P/ha . Seventy two plants ( 6  plants 
x 3 plots x 4 reps ) of T .  resupi natum from cont i guous Experiment 2 
were sampled for comparison . 
In 1982, plants were randomly dug and separated into root, 
petiole , stem, leaf-blades and seed- heads . A count was made on the 
number of petioles, leaflets, and seed heads per plant . Fres h 
we ights were taken and materi als then dried in  an air- forced oven for 
72 hours after which  determ i nations were made . 
Each plant part was bul ked indiv idually for 0, 4 and 10 kg 
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P/ h a  t reatments a n d  g rou n d  to pa s s  t h  rou g h  a 1 mm s i eve . Samp l es 
we re a n a l yzed fo r G ros s E n e rgy  i n  Jou l es/g ram ( i . e G .  E J/g  OM ) , 
OM %, D ry matte r so l u b i l i ty ( OM S  %)  , N 9o ,  mg P %,  N·eut ra l  Dete rgent  
f i be r  ( N DF %) , Ac i d  Dete rge n t  F i be r  ( A D F  %) , and  % A s h . A n a l yses  
we re ca r r i ed out  i n  t h e  I LCA n u t r i t i on  l aboratory accord i n g to 
met hods recommended fo r so i l a n d  p l a n t a n a l y ses by Cott i n i e ( 54 ) . 
I n  1 983 , a mod if i ed a p p roac h  wa s emp loyed i n  pa rt i t i on i n g 
t h e  p l a n t  f ract i ons  a n d  wa s e x te n d ed to i n c l u de n i n e n at i ve c lovers . 
I n  t h at yea r' s s amp l i n g , two p l a nts  p e r  s pec i es we re obta i n ed from 
both oute r  rows of t h e  LR p l ots  f rom E x per iment  9 .  Each of t h e  fou r 
b loc ks  were s a m p l ed . 
P l a nts  we re d u g a n d  sepa rated i nto l ea ves , seed h ead s , a n d  
s tems . F res h wei g hts  we re reco rded afte r w h i c h  the  mate r i a l s  we re 
s i m i l a r l y  d r i ed i n  an a i r  forced oven fo r 72 hou rs at  80 ° C .  D ry 
wei g hts  fo r each  compon e n t  were u sed to determ i n e  rel a t ive  
p ropo rt ion s of compon ent  pa rts . S pec i es samp led were T .  
ruep pe l l i a n um ,  T .  tembe n s e ,  T .  steu d n e r i , T .  decorum , T .  
qua rt i n i a n u m ,  T .  bacca r i n i , T .  gu a rt i n a n i u m ecotype 2 ,  T .  
sch i mper i , a n d  T .  po lystachYum . 




Petri-dish germination of unscarified seed at room temperature and 
(potting soil) seedling emergence were highly variable among strains. 
Dates of petri-dish germinations were highly significant (p < 0. 0 1) 
indicating . that loss of hard seed coat was gradual. Lack of strain * 
date interaction suggests that there was no strain specificity to some 
· definate period of incubation required for germination. Means 
separation (Waller- Duncan p < 0. 05) for the significant date effects 
show that the highest cumulative germination occu red after 106 days. 
The highest mean germination was 76 % in strain 34 from Dodola-Goba 
area (DRAA 45) and 72 % in strain 28 from Fiche (DRAA 81) ,  while 
strain 19 from Wayo (DRAA 8 1) was _ 50 %. Others remained below 50 
% throughout the incubation period with lowest recorded germinations 
ranging from 2-16 %. Ha rdseededness did not reflect any consistent 
patterns either due to site of origin ( altitudes) or region . 
Seedling emergence means showed that the two stra ins with 
the highest soil emergence percentage also had the highest 
germination counts . Strain 34 and 28 showed petri-dish germinati ons 
of 76 and 50 9a and seedling emergence percentages of 86 . 4  and 50 , 
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respecti vely. Strains 10 from Addis-Ambo (DRAA 67 ) ,  12 from 
Santara Val ley (DRAA 81 ) ,  15 from Shashemane-Dodola (DRAA 45 ) ,  
and 26 from Debre Berhan area (DRAA 12 ) exhibited · a , · 12 , 12 , and 
4 % petri-dish germi n ation, respective l y  and less than 15 % seedlin g  
emergence . I ncidental l y ,  the latter stra i n s  were the least vigorous 
and were disease-symptomatic i n  the fie ld whi le strains 28 and 19 
(wi th h igh germin ation and emergence) were the most outstanding . 
This shows that patterns in germi nat i on and seedling emergence were 
not necessarily related to hardseededness a lone . The l ow 
percentages as also reflected i n  poor field performance show that the 
affected seeds had some physiological problem . 
Duri ng seed maturation, both genetic and factors external 
to seed influence the degree of hardseededness. Reg ional d ifferences 
in  seedlots have been observed in re l at ion to these factors (19) .  In 
viab le  seeds, reduced hardseededness could promote rap i d  seedl ing 
growth to escape s low devel oping pathogens , thus increasing chances 
for h i gher seedl ing vi gor. The op pos ite case could occur in  seeds 
with gradual or s l ow loss of hardseededness . 
Seed s i ze is  re lated to seed v i gor and seedl ing growth (99) . 
Its features were studied (Table 3 ) .  
The estimate of I for 50-seed weight i n  parent seed was s 
extremel y  l arge . It would seem to indicate that this proport ion of 
vari ance broke down in progeny stra i ns poss ibly due to more 
phenotyp i c  variation in the latter . The progeny 50-seed we i ght is 
not reported here s ince only 22 strai ns produced seed with we ight 
data having a very large coeffic ient of vari ation ( CV) between seed 
Table 3: Intraclass cor relations fo r seed cha racte rs among st rains. 
Variable 
1. 1000 -seed wt ( P rogeny) 
2 .  Seed length (mm) ( Progeny) 
3. seed width (mm) ( Progeny) 
4 .  50 -seed wt ( Pa rent) 
0 . 34 
0 . 24 
0 . 49 
0 . 98 
AOV 1 




1 AOV = analysis of variance was separately done on the 
above variables significant at p < 0. 05, 0. 0 1, and 0. 005 as 
* , tt, *rk, respectively ; n . s = not significant. Variance 
conponents we re separately estimated. 
lots ( reps) which we re highly significant. 
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I ndividu al plants we re sampled on two dates (early and 
late ) and g reen and dry weights analysed fo r inte r-st rain 
diffe rences. The earlie r sampled plants showed highly significant 
diffe rences in g reen b u t  not d ry weights which we re non-significant 
among st rains. The opposite was true fo r late r sampled mate rial. 
Only st rain 2 1  from Welayta-Sodo showed any app reciable consistency 
with respect to its weig ht ran k among st rains. 
No inte r-strain diffe rences in nodule . weig ht were found. 
This could indicate that st rains we re nodulated with a p revailing local 
Rhizobium in local potting medium . 
Leaf mar k  types we re analyzed as categorical data in 
analysis of va riance-like fash ion using weig h ted least sq uares and Chi 
sq u a re estimates to examine inte r-st rain diffe rences. Significant 
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differences were detected among st rains but they were associated 
with large CV. Visual observation s  showed large heterogeneity 
within g  st rains for leaf mar kings and accoun t  for a la rge coefficient 
of variation . Intraclass cor relation s  among strains  and in plants 
within strains for this character were 0. 303 and 0 . 694 , resp_ectively. 
The p roportion of total variance due to blocks and/or block * st rain 
effects we re negligibly small . The larger p roportion of the total 
variance con t ributed by individual biotypes suggest that although the 
t rait is under  genie cont rol, individual strains we re p robably highly 
polymo rphic for the character. Harper suggests that different 
morphs ( of leafmar ks) as have been noted in T .  repens may be due 
to apostatic selection (f requency-dependent selection by p redators) 
that favors minority morphs thereby maintaining diversity in leaf ­
markings . 
T rifoliate leaf ( RUTL) measuremen ts were made on three 
screen-house potted plants replicated twice . Leaf-blade width ( FWD) 
and length ( F LG) were highly sign ificant , while petiole length ( PTL) 
was unimportant among st rains .  The components a
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2 , and � w2s were 
app roximately equal in magnitude for leaflet width ( FWD) (0 . 03 vs 
0 . 04) , very small for as 2 ( 0 . 07) in leaflet length ( F LG) , negligible 
for a 2 across all characte rs and largest for a 2 , 02 and o._2 i n  PTL : 
r s rs  1 ws 
1 . 78 , 1 . 2 1 and 1 . 40 ,  respectively . Leaflet width ( FWD) and petiole 
( PT L) intraclass correlation s  were 34 and 41 °o of the total variance , 
res pectively ( Table 4) . These cha racte rs were , however ,  not 
included in a discriminant analysis partly due to small plant numbers 
of biotypes sampled and the unusual sc reen-house mic ro-environment 
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atyp i ca l  of the  f ie ld  con d i t ion s u n de r  w h i c h  t h e  p l a nts we re scree n ed 
fo r most c h a racters . 
Mo rp ho log ica l data mea s u red i n  t h e  f i e l d  on  seve ra l t r i fo l i ate 
l ea ves  oth e r  t h a n  a centra l  t r i fo l i a te l eaf  s howed t h at l eaf l e n gt h  was 
non - s i g n i f i ca n t  among  stra i n s . A l so ,  t h e  n u mber  of t r i fol i ate l ea ves  
on s eco n da ry cu lms  ( L B N )  d id  n ot s i g n i f i ca n t l y  va ry across stra i n s . 
Leaf w idth  ( LWT ) , however ,  s howed s i g n i f i ca nt d iffe ren ces ( p  < 0 . 05 )  
. amo n g  s t ra i n s  a n d  wa s reta i n ed fo r i n c l u s io n  i n  d i s cr im i n a nt a n a l y s i s . 
T h e  p ropo rt ion of a: to tota l va r i a n ce for LWT was less  t h a n  1 % w i t h  
concomm i ta n t l y  l a rge  9�5com po n ents  s u ggest i n g  t h at th i s  cha racter  
wa s ,  l i ke oth er  l eaf c h a racte r i s t i cs , p h enoty p i ca l l y p l a st i c  w i th  
con s i de ra b l e  non - gen et ic  v a r i ab i l i ty at b iotype leve l  wi t h i n  s tra i n s . 
Severa l f lowe r i n g  patte r n s  eme rg ed f rom t h e  n u rse ry a s  
s h ow n  i n  T a b l e  4 a n d  a re g rou ped on  a mo re o r  l es s  b io log i ca l rat h e r  
t h a n  stat i st ica l mer i t . Reg io n - s pec i f i c  f lowe r i n g  patterns  we re 
obv iou s on stra i n s  f rom Reg ion 1 2  w h i ch f lowe red i n  l ess  t h a n  40 
days after  p l a nt i n g . A l l  t he  l i n es i n  t h e  g ro u p  came from co l l ect ion  
s i tes beyond Deb re Ber h a n  w h i c h  a re rel a t i v e l y  d r i e r  than  the  
westwa rd s ites f rom Add i s  Ababa . T h e  ea r l i n es s  may be a fu nct ion  
of ra i nfa l l  dec rement ea stwa rd i n  s y n c h ro n i zat ion  w i th the co u nt ry ' s  
ra i n fa l l  pattern . T h e  oth e r e x t rem i ty i n  f l ower i n g  t ime p roba b l y  
ref lect i n g  a ra i n fa l l  patte rn wa s obv iou s i n  s tra i n s  co l l ected f rom 
Reg ion  45 ( t h e  Ase l a - Ba l e  Ma s s i ff ) . T h ese  l i n es commenced f lowe r i n g  
between day 86 a n d  92 a n d  rema i n ed i n  f l owe r fo r u n u s ua l l y  l ong  a n d 
d i d  not develop adeq uate n u mbers  of r i pe pod s befo re the end of t h e  
g row i n g  sea son . Con seq u ent ly , t h ey had  poo r seed p rod uct ion . 
This group initiated flowering much l ater than the standard mid­
season group in which strains col lected from sites c lose to Addis 
Table 4: F lowering patterns and seed yields among 
T. tembense strains screened at Shela in 1 983 . 
Ear l y  season 
< 40 days 
Pre-mid season 




1 2\30 (28 . 7 -72 . 3/9) 
1 2\25 (37 - 1 37 . 7/ 1 0 )  
1 2\ 1 6 ( 1 4 . 3-36 :9/6) 
1 2\20 ) 53. 6-88. 3/ 1 0) 
1 2 \31 ( 8. 5- 1 2. 7/7 ) 
81 \ 1 2 (2 1 . 1 -36. 8/7 ) 
45\2 ( 1 2 . 4 -80. 4/ 1 0 ) 
81 \28 (46. 2 -56. 4/ 1 0) 
1 2\22 (28. 2 -44. 2/ 1 0 )  
45\ 1 3 (28. 3-56 . 0/8) 
67 \ 1 0 ( 1 0. 4- 68 . 0/9) 
1 2\26 ( 1 7 . 9- 1 8 . 5/6) 
1 2 \8(32 . 6-62. 7/9) 
1 2\ 1 4 (24 . 2 -54 . 6/ 1 0 ) 
1 2\7 (28 . 8-43 . 8/8) 
Post-mid season 
70 - 85 days 
1 2 \33 ( 6. 1 -41 . 7/5) 
45\ 1 1 (29 . 1 -58. 5/ 1 0 ) 
45\ 1 7 ( 1 4 . 3- 60 . 7 ) 
56\3 (2 1 . 4 - 1 1 1 / 1 0 ) 
67 \4 ( 1 1 . 2 -42 . 1 / 1 0 )  
67\6 (3 1 . 4-40 . 5/7 ) 
81 \ 1 9 ( 82 - 1 44 . 2/ 1 0 ) 
81 \9 (56. 3- 1 07/ 1 0) 
Late season 
86 - 92 and over 
45\ 1 (34 -67. 7/8) 
45\32 ( 1 1 . 3/9) 
45\27 (5. 9/9) 
45\24 (3. 2 -8/9) 
45\2 1  ( 1 . 2/9) 
45\34 (2 . 8- 1 5 . 2/ 1 0 ) 
45\ 1 8 (7. 5-34/8) 
45\ 1 5 (4. 6-9 . 6/4 )  
Special ecoty pes 
1 2\29 ( 62. 8- 67/9) 
81 \ 1 9 (82- 1 44 . 2/ 1 0 ) 
56\23) 
Large ranges for g m - weight seed produced ( in brac kets ) 
across the spec if ied number of p l ants were due to inherent l y  
h igh seed shatter . umber of p lants sam p l ed are on the r i ght 
s ide of the normal s lash ( / ) .  DRAA codes ( left ) and strai n  
os ( r i ght ) are separated by the left s lant ( \ ) . 
Ababa occur . 
Strains 1 9  and 29 f rom two different regions developed 
mature pods but still retained green foliage for an extended period 
thereafter which was rather unusual. Strain 23 for unobvious 
reasons stayed vegetative until it became sun-scorched and died. 
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Mosaic patterns. in flowering among the ramaining lines were 
placed in two separate groups : pre- and post-mid season strains. 
Such differentiations may be a consequence of very local selection 
upon strains by other species of plants. Although flowering patterns 
are under a genie regulation through fixed photoperiodic trigger­
mechanisms over a wide ecogeographic range of a species adaptation, 
local variations may partly be the result of temporal division of the 
environment in terms of what Harper ( 85) refers to as a niche­
hypervolume. The concept refers to the vertical heterogeneity of 
environments and is widely associated with differential flowering 
patterns of T. repens growing in natural association with Loli um 
perenne. 
Under natural grasslands , n ative species grow in close 
cohabitation ( i. e. they form compatible associat ions) by virtue of 
their differential phasic development . This allows the co-habiting 
species to mature at differen t  times in a fashion that excludes direct 
st ruggle for existance between them . To what extent  this 
phenomenon can be invoked to explain the mosaic patterns in 
flowering  of T. tembense st rains in both pre- and post mid- season 
groups is a matter of conjecture but not an unlikely prospect. 
Stem characters per plant ; namely , number of dichotomous 
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secondary branches ( B R N ) , erect height ( HG H T ) , stem length 
( ST L) , and stem thic kness ( STH ) were highl y  significant (p < 0. 01) 
Table 5 :  Variance components for various characteristics among 
strains. 
Character 1 <1 2  (] 2 0' 2 cr 2 I r rs iws s 
1 .  LM K 188.600 1. 150 0.440 431. 620 .30 
2. H G T  2.440 0.004 0.000 13.908 . 15 
3. S T L  8.148 0.104 1. 550 7.950 .46 
4. PTL 1. 783 o . ono 1 • 2 1 4 1 .  400 . 4 1 
5. B R N 2.594 0.108 0.021 4. 131 .38 
6. FWD 0.033 0.000 0.023 0.040 .34 
7. STH 0.049 0.000 0.029 0. 194 . 18 
8. F LG 0.071 0.009 0.035 0.134 .08 
9. M B N  0.071 0.031 0.073 0.967 .06 
10. LWT 0.010 0.000 0.003 0. 192 .05 
11. L B N  0.003 0.042 0.038 0.337 .05 















1 STL = stem length ; P L  T = petio l e ;  B R N  = No of branch es from main 
cul m ;  L B N  = No of trifo l iate leaves on B R N ;  FWD = central 
trifoliate leaf let width ; LM K = l eaf mark type ; LWT = leaf bl ade 
width ;  F LG = central trifol iate l eaf let length ; LGT = leaf blade 
length. 
among strains. 
I ntrac l ass correlation for ind i v idual biotypes within strains 
( i.e . the I .  proport ion ) substan tia l l y e x ceeded that for strai ns 
I WS 
( i.e. the  I 5 proportion ) across al l morphological trai ts previousl y  
found to be h ig h l y sig n i ficant ( Tab le  5 ) .  T h is suggests t h e  presence 
of large genetic heteroge neity w ith i n  st rai ns character istic of speci es 
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which tend to be highly polymorphic (6 , 32 , 34 ,  35 , 49 , 85 , 87 , 
1 83 ) . Significant differences detected among strains for these traits 
were possibly influenced by environment ; in which case the Shola 
nursery could have imposed an unknown large genotype-environment 
interaction on morphological  traits of the ecotypes originally collected 
from elsewhere. A genotype-environment interaction and a low 1
5 
component could likely limit selection progress in a breeding program. 
Since STL, HGT , B RN and STH strain traits had been 
found to be statistically significant, they were used for classifying 
strains according to D RAA by discriminant analysis on the likel ihood 
of possible ecotypic differences present due to some isolating 
geographical, environmental or edaphic mechanism (s) ( 1 93 ) . These 
geographical references were considered as the most proba ble 
ecological  sources of isolating mechanisms for ecotypic differentiation 
on the basis of relief (e. g ,  the Rift Valley separating the NW and SE 
highlands) , sheer physical distances between collection sites (e. g, 
directional) , rainfall ,  (e. g ,  which decreases from west eastward) , 
temperature (e. g ,  the frost prone NE region of the Temperate 
Abysinian Climate as distinct from the Sub-tropical Humid Climate of 
the SW plateau and the Asela - Bale massifs in the frost-free zones) , 
and soils (e. g ,  soil geography and natural fertility) . 
Most of the morphological  characters were s ignificantly 
correlated at p < 0. 01. Partial correlat ion coeffic ients were obtained 
for the relat i onship between stem length and (erect) plant height (r 
= 0. 44 ) , between the former and leaf - width (r = 0 . 44) , between the 
stem length and dichotomous secondary branching (r = 0 . 67 ) and 










------------------ - I nto 
12 45 
9 
90 . 0% 
2 
15 . 4% 
1 
25 . 0cl, 
0 
0 . 0% 
0 
0 . 0% 
·12 
35 . 3% 
0 . 2  
0 
0 . 0% 
6 
46 . 2% 
1 
25 . 0% 
0 
0 . 0% 
0 
0 . 0% 
7 
20 . 6% 
0 . 2  
1 Priors = prior probabi I i t ies .  
Region-------------------
56 67 81 
0 
0 . 0% 
0 
0 . 0% 
1 
25 . 0% 
0 
0 . 0% 
1 
25 . 0% 
2 
6 . 9% 
0 . 2  
1 
0 . 0% 
3 
23 . 1% 
1 
25 . 0% 
3 
1 00 . 0% 
0 
0 . 0% 
7 
20 . 6% 
0 . 2  
10 
10 . 0% 
2 
15 . 4% 
0 
0 . 0% 
0 
0 . 0% 
3 
75 . 0% 
6 
17 . 6% 
0 . 2  
Numbers not followed by % represent actual number of 
classified strains . 
Posterior probabil it ies fo misc lass i fied strains are shown in  
Table 7 .  
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Total 
100 . 090 
13 
100 . 0% 
4 
100 . 0% 
3 
100 . 0% 
4 
100 . 0% 
34 
100 . 0% 
ecotypic fracti onation on a region bas is  since all the collection s i tes 
were perfectly classi f ied into the respect i ve regions (Table 8) 
whereas the strai ns were not . 
Since part icle s ize and CEC var iab les were highly col inear, 
they were computationally deleted and only the soi l  m ineral factors 
were retained in  a pooled covariance matri x  for use in the 
d i scri m inant function .  
Tab le  7 :  Poste r ior  p robab i l i t i es of m i s c l a s s i f i ed s tra i n s . 
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1 4  
1 8  























1 2  * 
56 * 
81  * 
8 1  * 
1 2  * 
45 * 
1 2  * 
81  * 
* M i sc l a s s i f i ed observat ion 
1 2  45 56 67 
0 . 00 1  0 . 1 34 0 . 284 0 . 578 
0 . 00 1  0 . 1 27 0 . 249 0 . 6 1 5  
0 . 000 0 . 093 0 . 345 0 . 365 
0 . 000 0 . 07 1  0 . 29 1  0 . 633 
0 . 25 1  0 . 235 0 . 2 1 4  0 .  1 76 
0 . 003 0 . 1 48 0 . 307 0 . 245 
0 . 009 0 . 1 68 0 . 26 1  0 . 1 04 
0 . 2 1 0  0 . 1 25 0 . 079 0 . 058 
0 . 394 0 . 300 0 . 1 99 0 . 07 1  
0 . 022 0 . 4 1 1  0 . 374 0 . 1 82 
0 . 538 0 . 295 0 . 1 26 0 . 0 1 8  
0 . 026 0 . 036 0 . 026 0 . 001  
75 
8 1  
0 . 004 
0 . 008 
0 .  1 96 
0 . 005 
0 . 1 25 
0 . 297 
0 . 458 
0 . 528 
0 . 035 
0 . 0 1 2  
0 . 024 
0 . 92 1  
Soi l textu re determ i n es wate r a va i l a b i l i ty ,  root tempe ratu re , 
oxygen s u pp ly  a nd m i n era l a va i l a b i l i ty to p l a n ts ( 99 ) . McCown et a l . 
( 1 25 )  con d ucted a study rel at i ng  p l a nt  a n d  soi l d i st r i but ion on 
so lod i zed so lonetz a n d  so lod i c  so i l s  i n  Queen s l a n d . H e  fou nd  that 
the re was a n egat i ve rel at ion s h i p between the  occu ren ce of a n n ua l  
a n d  peren n ia l  pastu re test s pec i es o n  t h e  so i l types , but  none 
between s pec i es d i str i but ion a nd textu ra l c l a s s i f i cat io n . 
E xam i n at ion of pa rt i c l e  s i ze data i n  th i s  study s u ggested 
that th ree out of f ive  reg i on s  h a d  a mea n tota l c l ay  (0 . 002 mm ) , s i l t 
(0 . 002 - 0 . 05 mm ) a n d  sand  (0 . 05 - 2  mm ) i n  the  ra nge  of 42 -48 ,  36-41  
and 1 3 - 2 1  °o , res pect i ve ly  ( Tab l e  2 ) . Two s ites f rom wh i ch  stra i n s  2 
Table 8 :  Collection s ites based on so i l  minera l s  a nd percent 
c l assified 
into regions . 
From 
Reg ion 
-------------- - ---- Into Region------ -------------






P r i ors 
1 2  
1 0  
1 00 % 
1 0  
30. 30 % 
0 . 20 
45 
1 3  
1 00 % 
1 3  
39. 39 % 
0 . 20 
56 
4 
1 00 % 
4 
1 2. 1 2  % 
0 . 20 
Dots represent zero c lassif i cation. 
67 
3 
1 00 % 
3 
9 . 09 % 
0 . 20 
81 
3 
1 00 % 
3 
9 . 09 % 
0 . 20 
umbers not followed by 9o are actual · numbers of classif ied 
sites of collection . 
76 
Tota l 
1 0  
1 00 % 
1 3  
1 00 % 
4 
1 00 % 
3 
1 00 % 
3 
1 00 % 
33 
1 00 % 
0 . 20 
and 24 we re co l lected with i n regio n 45 ha d 79 . 3  a n d 74 . 4  °o c l a y , 
respect i ve l y . Othe rwise , the mea n of Reg i o n  45 was 7 1 , 2 1 , a n d  6 °0 
to a l  c l a y , si l t  a n d  sand , respec I e l y  w t ie Reg i o n  81 h a d  63 , 50 a n d 
3 °o ota l o each pa rt i c le si ze ,  respect i ve l y . These ra nges a re 
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typ i cal of a vertisol 's  textural composition within which available 
water, soil temperature, oxygen and mineral vari ations would not 
have played a s ignificant role on plant selection between regions in  
strains . Ranges of p H  (in CaCI , 1 : 2 )  among sites varied between 
5 . 0  and 6 . 4  (Tables 2 and 9) . On a w ith in region basis, pH vari ed 
from 5 . 3  to 5 . 8  and does not indicate any unusual range which cou ld  
be deleterious to growth of T .  tembense and other nati ve clovers . 
Andrew (10 ) demonstrated with T .  rueppell ianum the lower than 4 . 5  
pH values in which African clovers might still nodul ate . 
Soil phosphorus was generally defi cient among all sites 
(Table 9) . There is evi dence in l i terature (35 ,  167 , 1 19, 46) to 
suggest that · mineral u ptake by plants (and consequ ently the soil  
status) i mpose selection upon p lants . Although soil OM % content, K, 
Ca , Mg and Zn appeared to be i mportant variables in discriminating 
between regi ons their selective value in conditi oning intraspeci fic 
diversity is unknown . These m i nerals with the exception of soi l OM 
9o content direct ly determi ne the distribu tion of many species both in 
agricultural and natural ecosystems (46 , 45 , 126 ) . Their effect , 
however , would be expected to exert a larger selecti on pressure on 
the species within the enti re ecologi cal terri tory (Ethiopian highlands ) 
rather than on a DRAA basis . 
Alt itudinal variations i n  the Ethiopian h ighlands are 
reported ( 127) to of.fer wide assortment of c l i matic factors in which 
many genetica lly diverse p l ants ex ist . Results i ndicate that T .  
tembense m ight possess geneti cally heterogeneous popu lations with 
tra its l i kely to exhibi t low heritab i l i t ies ( in a broad sense as 
73 
between the latter and height (r  = 0 . 49) . Stem thickness and stem 
length were not significantly correlated (r = 0 . 1 1 ) hence, reason for 
retention of the within region covarian ce matrices based on ST L and 
STH only from which the log (determinant) was developed for each 
region . The HGT, B RN and LWT were computationally excluded from 
the full rank because of the significant colinearity among them . Test 
of homogeneity of within covariance matrices across all regions gave a 
non-significant ch i -square value (p = 0. 1 0) thereby necessitating the 
use of a pooled covarian ce matri x in discriminant function (1 79) . 
Classification summary - ( Table 6) based on ST L and ST H 
traits shows that 90 % of strains were correctly classi fied in Region 
1 2 .  Only 46" % of the strains  from Region 45 were correctly classified 
in that region, with the rest mosaically misclassi fied elsewhere . 
Since Region 45 is si tuated east of the Rift Valley, such 
misclassification could imply that the physical separation of the 
Eth iop ian highlands east and west of the Rift Valley is unimportant as 
a geographical barrier ( i . e .  an isolating mechan ism) between T .  
tembense strains (populations) collected from both plateaus. 
The perfect classificat ion of stra ins into Region 69 may have 
been coincidental due to the small strain sample size . The 90 % 
correct allocation of strains to Region 1 2  may be  f rom climatic rather 
than edaphic factors. It i s  hypothesized here that temperature 
(s i nce the region is frost-prone) among other factors could exert a 
unique effect on ecotypic fraction ation distinctly different from the 
rest of the regions which are frost - free. 
Edaphic factors were ruled out as important in influenc i ng 
Tab le 9: Nutrient status of Eth i op ian  highland soi ls  from 
34 strain col lection s i tes . 
DRAA p ( ppm) OM % 
81 5 . 7 ! 0 . 6 3. 5 + 0 . 8  � 
1 2  23. 1 ;1;. 1 8 .  6 2. 2 ! 0 . 9  
45 1 2 . 2  ;t;. 9 . 5 3. 5 ! 1 . 0  
54 3 . 0  ± 1 .  7 4. 3 !: 1 .  8 
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pH 
5. 3 + 0. 3 
5 . 8  ! 0 . 2  
5. 5 !: 0. 4 
5 . 4  !: 0. 3 
67 3 . 2  t. 5 . 8 3. 5 * 0 . 6  5. 5 : 0 . 4  
indicated by the intracl ass correlations) because of possib le large 
pol ymorphism· and the effects of environment on the genotype. 
Screening studies of wi l d  species have been based on the 
tenet that the source of genetic variabi l ity exists i'n materia ls which 
have undergone a long process of natural se lection (6) . In such 
material ,  there may be geographi ca l  variabi l ity for disease resistance 
and desirab le morphol ogical characte ristics . A varieta l range within a 
species is frequently  studied to find desirab le character combinations , 
to obtain representative ecotypes for further eva luation , and to 
discover the p lant geographical or eco logical significance of particul ar 
characte rist ics .  Th is study dete rmined that 
1 .  the organisat ion of sites of co l lection into DR AAs were 
pe rfectly al l ocated into respective reg ions on the basis of 
soi l  minerals ( e x cl uding partic le s i ze and CEC variab les) , 
but 
2 .  such discrimination was not synch ronous with correct 
strain al location to the same regions suggesting that soil 
minerals have not had a specific regional selective effect 
on ecotypic fractionation , 
3 .  it is unlikely that altitudes or other physical barriers 
such as the Rift Valley have acted as significant 
geographical isolating mechanisms for ecotypic 
differentiation , and 
4. flowering differences were genetic manifestations most 
likely influenced by cl imate - dependent physio logical 
processes . 
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2. Yie ld  evaluation in smal I -sca l e  cutting tria l s. 
E x perimen t  2 
Anal ysis of variance reveal ed significant (p < 0 . 0 1) 
differences among species and among h arvest times for T. 
resupinatum (1006 kg/ha) , T .  tembense (910 kg/ h a) and T. 
rueppellianum (760 kg/ha) a l l of whic h were greater ( Wa l ler­
Duncan, p < 0.05) t han T. fragiferum (183 kg/ha) . Overall mean 
yie l ds were 153, 3 14, 71 1, 1207, 896, and 1008 kg/ h a  for 75, 90, 
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105, 120, 135, and 150 days harvest times, respective l y. Peak yie l ds 
occured at 120 days after sowing ( DAS) . This feature is again 
encountered in Expt 3 (1982) and Expt 6 ( 1983 ) and was considered 
to be bio logical ly  important. An interaction of species by harvest 
time ( P < 0. 00 1) was considered to be due to growth differences 
between native and exotic clovers ( Tab le 10) . 
Peak production of native c lovers coincided wit h end of 
growt h season and thereafter dec l ined sharply wit h age. Adaptive 
success in most annual species is assoc"iated wit h rapid growt h and 
redirection of a plant 's energy budget into reproduction before 
conditions decline . Exotic c lovers were considered unadapted in 
contrast to native species as they remained vegetative after 120 DAS 
but survived for no more than 150 DAS by which time the adapted 
clovers had shed all their seed . 
Tsedia season ( the end- point ot the long rains) was 
unusually moist in the year of t h is study ( 1982) but these rains were 
Table 10: Mean dry matter yields obtained in 1 982 during 
the long rains at Shela , under natural fertility. 
Species 
75 
Days After Sowing 
90 105 120 135 150 
- - - - - - - - - - - - - - - - kg/ha- - - - - - - - - - - - - - - - -
Controls 
T .  fragiferum 35 69 1 1 6 253 232 395 
T .  resupinatum 168 299 684 1331 1504 2053 
Native 
T. tembense 274 237 1276 1626 1035 713 
T .  rueeeellianum 135 353 769 1619 814 873 
only useful to growth of the ex otic clover lines. 
8 1  
As observed in experiment 1 ,  a late maturing ecotype o f  T .  
tembense remained vegetative into the dwindling growing season and 
failed to mature suggesting that moistu.re and the compensating 
growth mechanisms (phenotypic flex ability ) even in adapted species 
should be synchronous for survival . Performance of T .  resupinatum 
in terms dry matter yield when compared to native c lovers showed 
good vegetative growth and any deviation thereafter could have been 
a reflection a normal growth in  a poor en vi roment . 
ative species disp l ayed poor regrowth possib ly due to 
stubb le height which did not ap pear to have much axillary tissue in 
cont rast to T. resupinatum which had good regrowth (Table 11) . 
This c lover had appressed internodes (short stem height) and was 
st rongly petiolate except for the e rect reproductive culms such that 
the low l ying axillary tissue for regrowth was undisturbed at the 
stubble  height employed. However only  few plants developed 
Tab le 11 : Pe rcent Reg rowth and Annual Total OM Yie ld  in 
T. resupinatum at She la  in 1982 . 
Allowed Actual Per cent Total DM 
Maturity Allowed Regrowth Reg rowth of Initial 
Before 
First Cut 
























87 . 6  
82. 0 











pendiculate culms with limited pod formation and seed ripening. 
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Field observations consistent ly  indicated that rapid regrowth 
occu red with regular frequency at least in first week from the time of 
initial cut and growth remained unchanged following 21 - 30 days 
after the first cut. Total OM yie l ds did not exceed 2. 5 metric 
tons/ha in the highest yiel ding T . . resupinatum but was highest 
production in comparison with native c lovers because of regrowth 
rather than its abi l ity to do wel l  under low fertil ity conditions . 
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Most tropical soi ls  are characterized by l ow mineral 
avai labi l ity and low base exchange capacity. Most l ike l y, these soi ls  
may have l ed to natural se lection of  p lants which extract soi l minerals  
under conditions of  l ow soi l avail abi l ity or are hig h ly efficient mineral 
users (99) . Caradus (45) reported that T. repens ecotypes from l ow 
P soi ls  had l ower P requirements than those col lected from high P 
soi ls . Andrews ( 1 1) demonstrated the abi l ity of Stylosanthes humil is 
to absorb greater amounts of P from the non labi le  poo l .  This is a 
valuable attribute in deve loping countries as such genotypes can 
substitute for expensive ferti l izer inputs. However, as Menge l  (126) 
pointed out, it is improbable that high yie lding crop cultivars or 
species can be devel oped that do not require ferti l izer. 
This study indicated that natural productivity of c l overs 
under conditions characterising their adaption is  low as shown by OM 
yie l ds among c lovers at various harvest times (Table 10) . 
Experiment 3 
Highl y  significant differences (p < 0 . 0 1 ) were detected by anal ysis of 
variance among species , P ferti l izer rates , and harvest times for 
84 
mean dry matter yields. Species * harvest time and species * 
phosphorus (Ta b le  1 2) rate interactions were highly significant (p < 
0. 0 1 ) ,  (figs 2, 3 and 4) , while  phosphorus rate * harvest time 
interaction was not significant. Mean yields were 2 1 78, 1 950, and 2 1 8  
kg/ha dry matter for T. tembense, T. rueppell ianum and 
T. fragiferum , respectively. Fertilizer rate mean yields were 2 1 26, 
1 608, 1 1 66 and 895 kg/ha for 1 0, 4, 2 and 0 kg P/ha, respectively. 
H arvest time pea k mean yield was 2264 kg/ha at 1 20 days after 
sowing (DAS) compared with 1 700, 1 098  and 526 kg/ha for 1 05, 90 
and 75 days after sowing, respectively. Late cuts at 1 35 and 1 50 
DAS gave mean yiel ds of 1 844 and 1 259 kg/ha, respectively. 
Dry matter yields in T. rueppellianum increased with 
increasing levels of added phosphate a t  al l  harvest dates (Fig. 2) . 
Dry matter yields were lowest at 1 50, 90 and 75 DAS. Highest yields 
were obtained at 1 20 DAS as previously  found in Expt 2. Trifol ium 
tembense showed a similar increase in dry matter yie ld across P rates 
and a similar decline in yield after 1 20 days as did the other native 
clover. I t  had lowest yields at 90, 1 50 and 75 DAS ( Fig. 3) . Dry 
matter yield of T. fragiferum did not show a large response to 
applied P. Yields were lowest at 1 05, 90 and 75 DAS (Fig. 4) . 
Ta b l e  12 : D ry matte r y i e l d  res po n s e  to P rates . 
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The third factor interaction could have been due to growth 
differences between T. tembense and T .  rueppellianu m  because of 
their slightly different adaptive orientations. The former had higher 
DM yields than the latter early in the growing season ( 75 - 90 DAS) 
when conditions were wet and conducive to its growth. As conditions 
became drier ( 105 - 120 DAS) growth in T .  rueppellianum exceeded 
that of T .  tembense (Appendix 1) which is niche-adapted to 
waterlogged natural patches ( microsites) while the other clover is 
favored by well drained microsites. The two normally coexist in 
specific phases of a mosaic habitat in nature .  Growth response to 
applied P may , therefore, contrast in both species as their microsite 
conditions individually vary seasonally ( Expt . 6) . Dry matter yields 
of T. fragiferum steadily increased with time . I t  grew slowly and 
was consistently the poorest yielding species which did not produ ce 
significant yield increases with P application and never exceeded 0 . 5 
metric tons/ha . 
The 'plateauing ' growth response after 120 DAS could have 
also been influenced by the changing growing conditions . In 
temperate climates the early growing season is normally associated 
with cooler conditions and steep growth response to added P in 
certain crops followed by a leveling off as warm trends appear , h as 
been reported for certain crops ( 75 ) . Drainage problems com bined 
with frequent clou diness early in the growing ( long ra ins)  season and 
the lowering of soil and air temperatu res may be a common cause for 
slow plant growth in the Ethiopian highlands .  As the season 
progresses , both rains and cloudiness decrease and increased growth 
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rates occur due to reduced waterlogging, increased sunlig ht hours 
( Table 34) and higher temperature (Table 33, Figs . 1 5  throug h 1 8) .  
These changes as Sanchez (172) observed to be true for many other 
tropical highlands have a pronounced effect on fertilizer responses in 
relation to growth patterns . 
Wet, cool , cloudy conditions appeared to slow down growth 
during the early part of the long rainy season (0 - 7 5  DAS) . 
T hereafter , only a short period for net dry weight production 
formative growth was available . Commencement of seed ripening 
appeared to coincide with the 1 20 DAS and was more easily 
discernable than flowering stages which were staggered in time of 
commencement. Accelerated leaf ageing and seed ripening appeared 
to come after 135 DAS coinciding with the end of the growing season . 
Bierhizen (27) cited a similar pattern in growth of Coffea arabica at 
Jimma in the Ethiopian highlands and suggested that a heat unit 
index ( as a function of temperature ) could be used in predicting 
harvest of other species under similar conditions. 
Harvest times for optimum forage yields in some species li ke 
Medicago sativa in mid- western USA ( 177 ) are based on stage of 
maturity such as percent bloom rather than ca lander ( or fixed) 
cutting dates. However , this criterion fails to hold when the species 
is grown at high altitudes near the equator due to sparse and 
sporadic flowering ( 177 ) . Staggered flowering in Ethiopian native 
clovers commenced sometime between 7 5  and 90 DAS and did not 
coincide with maximum dry matter production. 
Literature on fe rtility status of many soils in the tropics 
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has reported the seriousness of P limitation to crop yields (74 , 1 77). 
In the Ethiopian highl ands soil N and P are low while soil 
K ,  Ca, or Mg (see E x pt. 1) are high ( 1 38) . Ahmed (2) pointed out 
that Vertisols only fix added P (particularly when soils are non 
calcarious) . He (2) also noted that N adsorption to clay particles or 
denitrification of ammoniacal (nitrogeneous) fertilizers on Vertisols 
during heavy seasonal rains can result in N deficiency. This 
condition can induce anaerobic conditions in the soils favoring 
seasonal availability of P ( 155) . 
Addition of P to soils at the beginning of the growing 
season boosts the relative growth rates of commercial clovers more 
than of grasses (12) . H owever, interspecific differences in relative 
growth rates of T. repens, T. pratense, and T. dubium, are 
influenced by attribu tes such as root: shoot ratio , root length: weight 
ratio, P concentration and inherent size of the plant which appear to 
be more useful than P uptake alone in explaining response to P (86) . 
Results here indicate that P fertilization increased yields by 
approximately 250 9o ( Figs. 2, 3 and 4). This outcome served as a 
validation for further work with additional species and levels of P 
ferti I izer application. 
Species response differences were f urther investigated in 
experiment 8 with the inclusion of more species and P levels . 
Experiment 4 
Analysis of variance detected significant differences ( p  < 0. 05 ) for 
total yields (weeds + clover )  among residual P rates , and highly 
9 1  
significant ( p  < 0.0 1) differences among harvest times, and species. 
Weeds + c l over mean dry matter yie l ds were 2417, 2 144, and 924 
kg/ha for T. rueppel lianum, T. tembense, and T. fragiferum 
reseeded stands, respectivel y. Weeds + c lover mean yie lds were 948, 
1651, 2 12 1  and 2593 kg/ha at 120, 135, 150 and 165 DAS harvest 
times, respectivel y. Species * harvest time interaction was highly 
significant ( p  < 0. 00 1) ( Table 14) . Among harvest time differences 
were highl y  significant for yie lds of the clover component a lon e  and 
were 677, 1266, 1461, and 120 1 kg dry matter/ha at 120, 135, 150, 
and 165 DAS, respectively. Overal l  mean DM yie lds  of the clover 
component a lone due to effects of residual P were not significant ly 
different a lthough the 10 kg P/ha was different ( 13 15 kg OM/ha at 
Wa l ler-Duncan, p < 0.05) , from other rates ( 1 133, 9 13, and 1243 kg 
O M/ha for 0, 2, and 4 kg P/ha, respectivel y) .  However, species * 
residual phosphate rate interaction was significant (p < 0.05) because 
of the increasing growth response of T .  tembense with increasing 
residual ( Table 13) compared to an inconsistent pattern in other 
c lovers . Mean yield of weeds + c lover were a lso different (Wal ler-
Ou ncan, p < 0.0 1) at 10 kg P/ha (2068 kg/ha) from others ( 1880, 
1517, and 1848 kg DM at 0, 2, and 4 kg P/ha, respectively) . 
Growth response of T .  tembense . to added P suggests that 
there was some residual l eft in soi l after t h e  first year inspite of 
smal l amounts initial ly added or perhaps seeds produced on P 
previously added to soi l we re higher in nutrients and could thus 
produce more vigorous seedl ings . Assuming residual effect in soi l,  
recurrent response as e x h ibited by this c lover was an i ndication of 
Table 1 3 :  Dry matter yield response to residual  P .  
---- Residual P Rates kg/ha----
Species 0 2 4 1 0  
T .  tembense 1 051 974 1 768 2033 
( 1 7 1 6) ( 1 678) ( 224 1 )  (2940) 
T .  rueepel l ianum 1 996 1 362 1 453 1 543 
(301 9) (2002) ( 2 1 88) (2459) 
T .  fragiferum 352 403 509 370 
( 905) ( 870) ( 1 1 1 5) (805) 
W-D on P rates . ab b ab a 
W-D = Wal ler-Duncan . 
Means with same letters fo r c lover and total yield (weed + 
clover) are not significantly different . 
Total yield is shown in parenthesis. 
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the un likel ihood of P-fixation in soi ls at the study site . Soi l residual 
P effect was suspected to exist despite the significant response by 
only one  clover since yields of weeds + c love r appeared to be also 
positively  influenced . Microsite diffe rences rathe r than inherent 
failure of  some c lovers to utilise residual P could be impo rtant in 
species yield differences . 
The larger p ropo rtion of yield of weeds + clover came from 
clove r components, except in the exotic species, i ndicating ability of 
the native species to com pete well with weed popu lations .  Trifolium 
f ragiferum yielded relatively less than the weedy populations because 
of its continued slow growth into the second year . 
Tab le  14 : Dry matter production across cl ipping times on 
se l f  seeded stands from short rain s  (1983) emergence . 
Species 
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1336 
Seedling counts showed high ly  significant differences due to 
species (p < 0 . 0 1) ,  residual P (p < 0 . 0 1) ,  and the three eval uation 
times (p < 0 . 01) .  A l so the second order (or three factor ) interaction 
for the above main effects was highly  significant (p < 0 . 05) .  
l h  T .  rueppe l l ianum, the highest seedling counts ( ranging 
from 53 to 1 12 plants/ m 2 ) occured in � period and increased with 
residual P .  A lthough dry matter yie ld in this clover was unaffected 
by these level s ,  seedl ing counts during SR appeared to have been 
stimul ated indirectly by the residual P possib ly from effects of first 
Table  1 5: Effects of residual P rates on volunteer seedling counts. 
Ma in effects 




1 0  
Counts/m 2 
65.5 
67 . 7  
93 . 2 





Means with the same letter are not s ign i f icantly d ifferent 
( Wal !er-Duncan) . 
94 
year ferti lization w ith greater vigor and hence emergence than 
increase i n  dry matter. Trifolium rueppe l l ianum d isplayed about a 30 
% reduction i n  seedling counts during Maker but i ncreased aga in i n  
later part of the spel l b y  13 % emergence more than the in itial � 
count. Overall stand repleni shment of 43 96 emergence between Belg 
and Maher came from soi l  seed whi ch had remained ungerminated 
during Belg . Thi s  feature is  an ecolog i cal asset since a staggered 
emergence ensures plant replacement in response to environmental 
changes. 
Seedli ng counts between T. tembense and T .  rueppell i anum 
had again opposite patterns ind icat ing some m icroenvironmental 
( m i crosi te)  preferences between them . This feature is  agronomica l l y 
useful for growing the two species i n  mix as a means of hedging 
against envi ronmenta l uncertainit ies in  a parti cu lar area or season . 
All  seedling counts increased with higher rates of residual 
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P rates i n  both species as summarized in Table 15 . 
During Maker, over 50 % drop in seedling counts occured 
on unfertilized plots of T .  tembense but was only about 10 % 
reduction for 10 kg P/ha plots . Seedling losses in Maker (57, 35, 15 
and 12 % for 0, 2, 4 and 10 kg P/ha, respectively) were also 
negatively associated with plant replacement (19, 55, 80 and 72 for 0, 
2 ,  4 and 10 kg P/ ha, respectively) . On previously P treated plots, 
large plant replacements in excess of seedlings lost during early 
Maker were apparent . 
Because of the high agricultural potential of the East 
African h ighlands , early research was started by Holme and Sherwood 
who recorded residual effects of P in the Kenya h ig hlands the year 
following application (33) . Ever s i nee then, studies have continued 
to emp hasize use of large amounts of P fertilizer on belief that it is 
only from such levels residual effects can be expected . Results here 
demonstrate that there mig ht have been some benificial effects of 
p hosphate residuals in the second year to growth of clovers which 
mig h t  indicate that there may be potenti� I for such forages to 
respond to residual P if they were grown after a cereal crop, for 
example , thereby eliminating need to directly apply fertilizer on 
them . However , as Barrow ( 26)  stated: "one of the difficulties of 
generalizing from studies of residual value is uncertainty about the 
importance of differences among soils" . 
Experiment Sa 
Analysis of variance indicated hig h ly significant ( p  < 0 .  0 1 )  differences 
a mong species for tissue N ,  Ca , P ,  Fe , Mg , Cu , Mn , and Zn ; and 
a mong applied P rates for tissue Ca , P ,  Mg , Cu , and Mn (Table  1 6  
Table 1 6 :  Leaf tissue concentration of N and P due to 







Significance level:  
Species 
T .  tembense 
T .  rueppellianum 
T .  frag iferum 
Significance level : 
Overall S . E . 2 
N % 
4 .  1 a 1 
3. 9 a 
4 . 0 a 
4 . 2 a 
n . s  
5 . 0  a 
4 . 8 a 
2. 3 b 
< 0 . 0 1 
0 . 4  
p (ppm) 
0. 213 a 
0. 233 b 
0. 253 b 
0. 253 b 
< 0. 01 
0 . 211 a 
0. 232 b 
0 .26 1  C 
< 0. 01 
0. 02 
1 Means fol lowed by the same letter are not significantly 
different ( Wa ller-Duncan , p < 0 . 05) . 
2 S .  E. = Standard error . 
and 1 7) .  
The leaf 0o content in the exot ic  species was 
a p prox i mately 50 9o less than tha t found in the native c lovers . This 
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Tab le  1 7 :  Leaf t i s s u e  con cent rat io n s  of oth e r  m i n e ra l s  
a s  i n f l u en ced by s pec i es a n d  added p h o s p h o r u s .  
Ca % Mg Fe Mn  
Soi  I con tent  4 . 505 1 . 096  64 . 2  6 1 . 0  
A .  s pec i es 
T .  fragife r u m  1 . 1 04 0 . 1 4  7 1 7 .  1 1 1 . 9 
T .  r u eepe l l i a n um 1 . 4 1 4  0 . 22 30 1 . 7  3 . 2  
T .  temben se  1 . 239 0 . 23 372 . 0  4 . 7 
S i g n i f i ca n ce 'Irle � *'Irle 'Irle 
B .  p hos p h o r u s  
0 kg 1 . 322 0 . 20 507 . 3  8 . 4  
2 kg 1 . 3 1 0 0 . 20 452 . 4  5 . 5  
4 kg 1 . 440 0 . 2 1 459 . 2  6 . 3  
1 0  kg 0 . 956 0 . 1 7  435 . 5  6 . 0  
S i g n i f i ca n ce � � n . s  * 
S . E . 0 .  1 0 . 0 1 1 86 . 0  3 . 47 
Z n  
0 . 53 
1 26 . 0  
1 01 . 0  
1 03 . 0  
* 
97 . 8  
1 1 5 .  2 
1 08 . 8  
1 1 9 .  1 
n . s  
2 1 . 2  
* i s  p < 0 . 05 ;  tt p < 0 . 01 ; 'Irle* p < 0 . 00 1 ; a n d  n . s  = non 
s i g n i f i ca nt  
1 p pm w h e re oth e rw i s e  not i n d i ca ted as  a % .  
2 S .  E .  = sta nda rd e r ro r .  
d i ffe ren ce may b e  d u e  to g rowth rate d iffe renta i l s . T h e  s low -
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Cu 
2 . 42 
1 . 65 
2 . 86 
2 . 55 
� 
2 . 62 
2 . 66 
2 . 55 
1 .  67 
� 
0 .  1 5  
g row i n g  T .  f ragife ru m may h a ve h ad a lowe r dema n d  fo r N re l at ive to 
the  n a t i ve c lovers , hence i ts l ow con ce n t rat ion s .  To w h at extent th i s  
d i ffe ren ce ca n be re l ated to n i t rog en f i x at ion ca pac ity between the  
c lover  g rou ps i s  u n certa i n . Low OM y i e lds  f rom t h e  exot ic  c lover  
and  t h e  re l at ive ly  low co ncen t rat ion s a re p roba b l y  re l ated 
p h enome n a  as soc i ated w i th  a poo r en v i ronment  fo r p roper g rowth . 
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Phosphorus rates had no effect on % N in leaf tissues . 
This phenomenon has been widely recognized in several forage legume 
species in terms of CP changes with respect to P fertilizer 
applications (58 ,  202) . Phosphorus also did not affect Zn and Fe 
concentrations in species. Species significantly differed in P 
concentrations which were of the following order : T. fragiferum 
tissue P > T. rueppellianum tissue P > T .  tembense tissue P .  These 
differences were considered to reflect the clovers' differential 
efficiencies in utilizing P. 
Chapin (46) concluded that species with high tissue P were 
most likely to be wild species less efficient at producing biomass per 
unit tissue nutrient and that this is inevitable as their "multiple 
nutritional stresses which occur naturally may preclude more efficient 
use of a particular mineral". Where one partic-ular nutrient is 
severely limiting, as is the case for many highland soils in �thiopia, 
it would seem that wild clovers would of necessity evolve as most 
efficient in nutrient utilization for the mineral most likely to be 
deficient to exert a major selective force · more than the less limiting 
ones . Trifolium tembense's  yield response and its relatively low P 
tissue concentrations suggest that the rate of plant organic matter 
synthesis at small amounts of mineral substrate was high. 
Slight reductions in Mn levels were apparent with increasing 
levels of added P which is a well established pattern (60) . 
Manganese concentrations in these clovers also are not large compared 
to as high as 193 ppm which Davis (60 ) reported from one of the 
African clovers, T .  semipilosum , grown on Mn rich soils in ew 
Zealand . Even then, such leve ls  were not considered toxic . 
Tissue Zn content was unaffected by P in al l c lovers . 
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Species * P rate interactions for Ca , Mg , and Cu interactions were 
significant (p < 0 . 05). Tissue Cu sharpl y  decl ined with increasing 
l eve l s  of P .  The uptake of Cu is affected by higher levels of P or 
Zn (1 19) and as demonstrated in wheat, (1 19) it appears that Zn'2 
and Cu compete with each other for physiol ogical sites of absorption . 
Microbial reactio�s under water l ogged conditions can cause 
immobilization of Mn (22) and hence l imited uptake wich cou ld explain 
its l ow tissue levels except in T .  fragiferum which contained 
significant leve ls ,  a l though not unusual ,  over native c lovers. 
In T. fragiferum there was a l inear increase in tissue 
concentrations between 0 and 4 kg of P fo l lowed by a sharp drop at 
10 kg of P in Ca , Mg and Cu. Linear increases in Mg and Ca across 
P rates occured in T .  tembense (bu t  s l ight in Ca) and T .  
rueppel l ianum (Figs ,  5 ,  6 and 7) . 
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In nati ve clovers , t i ssue concentrations of Ca and Mg 
appear to have been affected by higher rates of P which enhanced 
growth of the clovers and, consequently , enabled them to utilize the 
highly exhangeable cations . I n  T. f ragiferum , however , the rapid 
d rop in t i ssue Ca at 4 kg of P appears difficult to explain unless the 
higher rates (10 kg) of P affected the rate of Ca absorpt ion f rom 
sol ut ion ,  or functional requirement and/or the internal mineral 
tra n sport. 
Certai n  conce ntrations of P in soi l s  affect the mineral 
bal ances and uptake of z i nc (Zn ) , copper (Cu ) ,  i ron (Fe) and 
manganese (Mn) by p l ants . Reuter et al . (168 )  reported antagoni stic 
con centrations of P and Zn in the subclover cv . Seaton Par k when 
one of the elements was def ic ient . Andrew et al . (15)  associated Zn 
depression in some legumes with unusually h igh P p lant levels. 
Trace element deficiences in  plants such as Cu and Fe are also 
thought to be increased by high rates of appl ied P (167) . Speci es 
differences in ti ssue minerals may be genet i c  in origin as indicated i n  
24 crop species and clut i vars whi ch d iffered s i gnif icantly in Cu , Zn , 
Fe and Mn (1 19) . Such variati ons i n  some forage species have 
h ighe r heritab i l i ties in  (a broad sense ) than the b iologica l  yie lds 
( 1 39, 97) and provide more stab l e  parameters for investigating 
species d ifferences. This study i ndi cated that i n  the event of need 
to determi ne any such species di ffere nces , t issue analysis could be 
i nva luab l e beyond bei ng simply a too l for soi l  m inera l deficiency 
d iagnosi s  and correct ion.  
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Experiment Sb 
Analysis of variance was not done on the data , as duplicate samples 
after assaying were averaged. Means of untested effects are 
Table 1 8 :  Simple statistics on overall quality parameters across 
species. 
Parameter 1 x ± sd Range S. E 
DM determ. 9 1 . 5  ± 0. 8 90. 0 - 94. 5 0. 1 2  
CP % 1 3. 37 s 3. 7 6. 7 - 2 1 . 8  0. 09 
NDF % 43. 09 ± 9. 3 25. 7 60. 1 1 . 48 
ADF % 36. 1 ± 1 1 . 2  20. 7 - 56. 2 1 . 84 
(ppm) 0. 06 ± 0. 02 0. 02 - 0. 1 0  0. 04 
1 DM determ. = Dry Matter determination, CP % = Crude 
Protein, NDF % = Neutral Detergent Fiber� ADF % = Acid 
Detergent Fiber , P  (ppm) = I nternal P in ppm . 
2 Mean and standard deviation. 
3 Standard error of the mean. 
presented based on simple statistics (Table 1 8) .  
Large fluctuations in crude protein were observed in T. 




2 1 .  7 
3 1 . 0 
37. 6 
while little or no change appeared important in t h e  fertilized 
treatments between 1 20 and 1 50 days to harvest. I n  native clovers ,  
reduction in C P  0o content in both fertilized and unfertilized 
treatments were both larg e with increasing maturit ies. Phosphorus 
fe rtilizer did not appear to influence variations in CP contents of the 
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Tab le  1 9 :  C rude  p rote i n perce n t  a s  affected by 
fe rti l i zat ion  a n d  c l i pp i n g  t i mes . 
S pec i es p rate 
kg/ h a  
T .  f ragiferum 0 
2 
4 
1 0  
T .  r u epeel l i a n u m 0 
2 
4 
1 0  
T. tembe n s e  0 
2 
4 
1 0  
n at i ve c lovers ( Ta b l e  1 9 ) . 
Age of Sta n d  at C l i p p i n g  
- - - - - - - - ( Days ) - - - - - - - -
1 20 · 1 35 1 50 
- - - - - - - - % - � -- ------ ------- -
2 1 . 4  1 9 . 2  1 3 . 4  
2 1 . 8  1 8 . 2  1 3 . 9  
1 7 . 0  1 5 . 6  1 0 . 6 
1 3 . 8  1 4 . 6 1 3 . 5  
1 8 .  1 1 3 . 4  8 . 7  
1 7 . 8  1 4 . 4  9 . 0  
1 5 . 6 1 1  . 5 8 .  1 
1 6 . 6 1 0 . 4  6 . 7  
1 7 . 3  1 0 . 6 1 0 . 3  
1 4 . 4  9 . 6  8 . 6 
1 5 . 8  1 1 . 3 1 0 . 3  
1 5 . 4  1 0 . 1 9 . 4  
C rude p rote i n ,  % h em i ce l l u lose  a n d  l i g n i n  va l u es fo r T .  
f ragi fe rum a ppea red mo re fa vo ra b l e  i n  q u a l i ty than  those of nat ive  
c love rs at  the  same h a rvest t imes ( Ta b l es 1 9  t h  rou g h  22 ) . Vi s u a l  
eva l u at ion  afte r 1 20 DAS was made o n  mate r i a l  a n d  w ith  u se of 
l a bo rato ry data it was  con s i dered a s  eq u i v a l e nt to U . S .  G rade 4 H a y  
as  i t  h a d  less  t h a n  30 9o l eaves l eft , C P  co ntent  g reate r t h a n  1 3  % ,  
A D F  g reater t h a n  4 1  % ,  D F  l es s  t h a n  5 1  °o a n d ( a  p roba b l e )  feed 
va l u e per  cent of l es s  t h a n 1 00 °o on a sta n d i n g bas i s  g raded 
acco rd i n g to Roh weder  ( 1 69 ) . T h e  feed va l u e st i l l  ex ceed s that of 
106 
Table 20 : Lignin % as affected by · ferti l ization and clipping times . 
Species p rate Age of Stand at C lipping 
kg/ha  - - - - - - - - ( Days) - - - - - - - -
1 20 1 35 1 50 
----------- % -- ------------ - - -
T .  fragiferum 0 4 . 2  4. 2 4 . 0 
2 4 . 5  3 . 8  4 . 8  
4 4 . 1 3 . 8  4 . 0  
1 0  3 . 9  4 . 5  4 . 0 
T .  rueppel l ian um 0 5 . 6  7 . 3  9 . 2  
2 6 . 8  8 . 5  9 . 2  
4 6 . 2  7 . 9 9 . 2  
1 0  5 . 8  7 . 9 9 . 9 
T .  tembense 0 6 . 0  8 . 4  8 . 6  
2 6 . 5  6 . 7  8 . 8 
4 5 . 7  8 . 3 8 . 4  
1 0  5 . 7  7 . 8  9 . 9 
many tropical grasses at a similar growth stage (67 , 202) . 
Differences in C P  % in relation to the effects of P 
fertilization between T .  fragiferum and native clovers reflect their 
different patterns of growth . Later clovers a lready had ceased 
growth while the former was sti l l  green, suggesting that decline in 
quality of native clovers was partly due to leaf loss . Acid detergent 
fiber ( A D F )  increased with maturity in native clovers but remained 
unchanged in T .  fragiferum because of its vegetativeness . 
Lignification was high in native clovers at 120 DAS and increased 
with time to about 9 % in native species ( Table 20 ) .  Phosphorus 
fertilizer had no effect on lignin content across species . 
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A l though l ignin increases tend to be negatively associated 
with digestibi l ity, not a l l l ignified forages are necessaril y  the least 
digestibl e  as many other factors contribute to digestibil ity ( 1 1 1 ) .  
At 1 20 days T .  fragiferum contained s l ight ly more than 
twice as much % P in the unfertil ized check over fertil ized treatment 
(Table  ·2 1 ) .  On a DM basis, the same species contained 
approximately 1 . 2 times as much P concentration in the fertilized 
herbage over the check treatment . Native c lovers showed the 
opposite effect . The biological impl ication of such variations is 
uncertain . Contents in the c lovers were simi lar ly of the same order 
of variation as al ready described in Expt . Sa in which T .  tembense 
was characterized by lower internal % P than the rest of the c lovers . 
Phosphorus content in these forages declined by 52, 64 and 80 % in 
T .  fragiferum, T .  rueppel lianum and T .  tembense, respectively in 
unferti lized treatments between 1 20 and 1 50 DAS . At 1 0  kg P 
treatment P contents decl ined at lesser rates of 30 , 40 and 60 %, 
respectively between 1 20 and 1 50 DAS . Fertilization somewhat 
maintained lower level s  of internal P than unfertilized treatment in all 
species (Table 2 1 ) . 
A drop in P content (Table  2 1 ) in T .  fragiferum which sti l l 
had large green tissue until 150 DAS cannot be explained by the 
same causes for decline in native species which could part ly have 
been through the sheer loss of such mature tissues such as leaves 
and seed. It is possible to explain the decl ine in the perennial 
c l over in relation to decreased season' s  moi sture as was evidenced by 
cracks deve loped in the ground at that time . egative effects of 
moisture stress on levels of tissue· P have been reported in some 
forage species (202 ) . 
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Plant P contents were higher in fertilized than in 
unfertilized treatments. Trifolium fragiferum and T .  rueppellianum 
contained higher P levels t h an T .  tembense. Sharp drops in P levels 
occured at 150 DAS in all clovers . 
Hemicellulose fraction (Table 22 ) consists of xylose , 
arabinose , galactose and glucose sugar components in order of 
decreasing concentration . A higher fraction of hemicellulose has been 
reported ( 1 1 1 )  to be associated with higher digestability than the 
cellulose component. Contents of hemicellulose were hig her at 10 kg 
of P fertilization in native clovers at 135 DAS harvest time. 
Thereafter , Hm % sharply declined. This drop at 150 DAS may imply 
that considerable decline in energy value in mature forages could be 
serious . 
Factors affecting value of pasture are plant species , soil 
and applied fertilizer , stage of maturity , rate of growth and season 
of year ( 67) and results suggest that they were important in 
differences found in the clovers studied. 
Protein in immature forage legumes is normally in the range 
of 20 to 25 percent and as they mature , a decline occurs , but to a 
lesser ex tent than in grasses (67) . Clovers declined in CP almost by 
50 percent of the above value with age after 120 DAS . Fiber and 
lignin concommitantly increased while tissue phosphorus declined . 
Poor quality fo forage feed and productivity are two chroni c  
problems that beset livestoc k grazing in the Ethiopian Highlands , 
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Table 2 1 : Plant phosphorus content (ppm) as affected by 
fertilization and clipping t imes. 
Species P rate Age of Stand at Clipping 
kg/ha - - - - - - - - ( Days) - - - - - - - -
1 20 1 35 1 50 - - - - - - - -- ppm - --- - -- - - - - - - - -
T. fragiferum 1 0 0. 1 58 0. 086 0. 077 
0. 1 46 0. 081 0. 090 
4 0. 1 40 0. 070 0. 093 
1 0  0. 1 1 4 0. 106 0. 065 
T .  rueeeellianum 0 0. 1 59 0. 086 0. 057 
2 0. 1 50 0. 070 0. 053 
0. 1 22 0. 069 0. 047 
1 0  0 .  1 30 0. 049 0. 053 
T. tembense 0 0. 1 54 0. 074 0. 033 
0. 1 34 0. 058 0. 033 
4 0. 1 38 0. 029 0. 058 
1 0  0. 1 1 5 0. 070 0. 041 
1 Exotic clover included for comparison. 
particularly during the dry season. Whereas clovers, generally, will 
have a higher protein base than grasses under similar conditions of 
growth, results suggest that decl ine in quality should be expected 
with the progression of the dry season. 
Experiment 6 
Sho la  
Analysis of variance revealed highly significant  (p  < 0. 01 ) differences 
in overall mean dry matter yields among species, amo ng phos phate 
fertili zer rates, and among harvest t imes (Table 23 ) .  
Tab le 22 : Effect of P fe rti l i ser  on % 
Species p rate 
k g/ ha 












1 9o hemicel lu lose = N DF % - ADF % .  
1 1 0 
hem i ce l l u l ose sugars 
Age of Stand at Clip ping 
- - - - - - - - ( Days) - - ----- -
120 135 150 - - - - - - - - - - - % - - - - - - - - - - - - - - -
3 . 4  4 .  1 2. 6 
6. 4 1 . 2 1. 5 
7. 6 4. 0 3. 5 
7 . 4  13. 0 1 .  1 
7 .  1 7 . 0  3 . 3 
7 . 5  6. 7 1. 1 
5 . 8  8. 0 4. 3 
6 . 0  13. 0 3. 9 
10. 2 12. 7 7. 4 
7 . 4  10 . 1 6 . 3  
13 . 7  10. 9 10. 6 
8. 8 6. 3 7 . 8 
Mean yie lds ( per ha) were 2988 , 2 124 , 2 102 , 1727 , 14 18 , 
13 13 , 367 , 350 , and 169 k g  for T .  qua rti"nianum , T .  tembense , 
T . decorum , T . steudneri , T .  schimperi , T .  rueeeel l ianum , T. 
resupinatum , T .  subterraneum and T .  a lexand r i n um ,  respect ive ly . 
Phospho rus * harvest time i nte raction effects we re h ighl y  
si g n ificant  ( P  < 0 . 0 1 )  su ggest i n g  that response to P was time­
depe n den t . I n  leu of a polynomia l reg ression to p redi ct the optimum 
ha rvest t ime on w h i ch p roduction fun ct i on s fo r P response cou ld be 
based , inte ract ion means were com pa red by F LS D  test whi c h  re ea led 
that bot h 120 and 135 DAS pea k p roduction pe r i ods gave si mi lar  ( p  < 
Table 23 : Mean dry matter yields at Shola for maj or effects . 
Effects kg/ha Waller- Duncan 1 
Species 
T .  guartinianum 2988 a 
T .  tembense 2 124 b 
T .  decorum 2 1 02 b 
T .  steudneri 1727 be 
T .  schimperi 1418 cd 
T .  rueppellianum 13 13 d 
T .  resupinatum 367 e 
T .  s ubterraneum 350 e 
T .  a lexandrinum 169 e 
Phosphorus kg/ ha 
0 369 a 
5 971 b 
10 1 519 C 
20 1 918 d 
35 2 1 99 e 
Harvest times 2 
(Days after sowing) 
75 496 a 
90 943 b 
105 1660 b 
120 1934 C 
135 1944 C 
1 Means with the same letters not significantly different at 
MSD 0 • 0 5 of 408 , 230 and 194 kg DM/ha for species , 
phosphorus rates and harvest times , respectivel y. 
2 Sixth harvest omitted d ue to missing data . 
1 1 1  
Table 24 : Dry matter yield response functions due to P 
rates for various clovers tested at Shola in 1983. 
Species 
L inear effects 
T. subterraneum 
T .  alexandrinum 
T .  tembense 
Quadrati c  effects 
T .  rueppellianum 
T .  steudneri 
T .  decorun 
T. schimperi· 
T .  guartin ianum 
Equation 1 
y = 
294. 6 + 72. 5x 
69.0 + 48. 4x 
1363. 0 + 613. 8x 
20 1 . 5  + 947. 7x -
755 . 2  + 1 186. 6x -
765 . 3  + 1285. 7x 
83 1 . 2  + 792 . 5x -
904 . 1  + 2034 . 3x -
79. 9x2 
98. 3x 2 
106 . 9x2 
75.7x2 
194. l x2 
1 Y = DM yield, x = 5 times the amount of fertil izer/ha, 
*, ** Significant at 0 .  05 and 0. 0 1  I eve I ,  respectively. 









0 . 05) yields. The 120 DAS harvest was then selected as a DM peak 
production time on which the effects of _ P were compared based on 
data of previous experiments . Us ing the above date , a regression 
model of y ields on phosphate was calculated for ind ivi dual species . 
The resulting response models were tested for both linear and · 
qu adratic  effects. Nei ther linear nor qradratic  effects were found 
signifi cant for T .  resupinatum . Three species had a significant 
linear effects whi le most nati ve clovers displayed quadratic effects 
rangi ng from signif icant ( P  < 0 . 05) to highly significant ( P  < 0 . 0 1 )  
yield responses to ad ded P ( Table 24) . Based on these effects 
product ion functi ons in terms of Average yields or Average Physical 
1 1 3 
( APP) and Maximum yields or Marginal Physical Products (MPP ) ,  
elasticity of response with respect to P ( E )  and the response 
equations were developed accordi n g  to Dillon (64) . 
Average physical product (APP) is here defined as average 
DM yield per kg of phosphate added . Variable APP conforms to the 
quadratic norm of diminishing returns to the factor . Variable MPP is 
the rate of change in DM yield per kilogram of added phosphate 
whose MPP values display decreasing returns  to scale as more 
phosphate is applied beyond the level at which yields are max imised . 
Elasticity (E) is a percentage chan ge in DM yield resulting from a 1 % 
increase in phosphate fertilization .  The above defin itions are 
accordin g  to Dillon (64). 
Response curves are presented (Figs . 8 - 1 2). 
F I G. 8 DRY MATTER YIELD RESPONSE CURVE FOR T. QUARTlNIANUM 
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T h e  p rod u ct ion  f u n ct ion s fo r eac h  c love r a re g i ven i n  Ta b l e  
Va riou s d ata ( 9 ,  1 2 ,  26 , 45 , 46 , 66 , 73 , 1 7 1 )  h av e  s hown 
that p hos p ho ru s  more t h a n  any oth e r  m aj o r n ut ri ent is  th e most 
l im i t i n g  to c rop y i e ld s . Data on  t h e  effect of fert i l i ze rs on fo.rag e  
d ry matte r y i e l d s  a re l i m ited i n  Et h i op i a  a s  i t  i s  n ot n o rma l p ra ct i ce 
to fert i l i ze  fo rag e  c rops  u n der  p ea s a nt h o l d i n gs_ . O n l y  about 600 , 000 
ha of c u l t i vated l a n d  ( w h i c h  i s  a p p ro x i m ate l y  1 0°0 of the tota l )  a re 
fe rt i l i zed eac h  yea r ( 62 ) . T h i s  s h ows t h e  l owest pe r cap i ta l  f e rt i l i zer  
co n s u m ption i n  t h e  cou nt ry on l a n d  a rea b a s i s . I n  s p i te of th i s , 
nat ion a l  f i g u res s h ow th at s ma l l - sca l e  fa rme rs a re th e l a rgest 
con s u me rs of fe rt i l i ze rs i m po rted i n to t h e  co u nt ry ,  fol lowed by t h e  
M i n i st ry of State Fa rms w h i c h  c u l t i v ates c l o s e  to 300 , 000 add it ion a l  h a  
( 62 ) . 
N it rog e n  a n d  p hos p h ate fert i l i ze rs a re e x pe n s i ve .  I n  1 984 ,  
T ri p l e  s u pe rp hos p h ate ( TS P )  a n d  d i - �mmo n i u m p hosp h ate ( OA P )  a re 
e x p ected to cost a bout U S  $0 . 44  a n d  U S- $0 . 47 / kg ,  res pecti ve l y . 
Th e s e  co sts to a fa rme r  a re a bo u t  22 �o l e s s  t h a n  fe rt i l i ze r  p r i ces to 
Ame ri ca n  fa rme rs ( 1 09 )  i n d i cat i n g  t h e  h i g h  s u b s i d i zat ion by t h e  
Eth i op i a n  gov e r n m e n t  b u t  o n  th e p e r  ca p i ta ba s i s  of that co u n t ry th i s  
p r i ce i s  st i l l  h i g h . Hay i n  t h e  Eth i op i a n  h i g h l a n d s  i s  cu rrent ly  
t raded at a p p rox i mate ly  U S  S 1  . 50 / kg . Res u lts h e re s h ow t h at 
mod e rate amou nts of phos p h ate fe rt i l i ze r res u lted i n  s i g n i f ica nt  OM 
p rod u ct ion in  n at i ve c love rs . La rg est pe rcentage c h a n ges ( E l a st i c i ty 
o r  E )  i n  p l a n t o rga n i c matte r s y n t h es i s  ( Ta b l e  25 ) ra n ged f rom 0 . 5  to 
0 . 7  fo r eve ry pe rcentage i n p u t  of P between 5 a n d  1 0  kg P/ h a . 
Tab l e  25 : Average and  ma x imum d ry matter y ie lds  a nd p l a nt 
orga n i c matter synthes i s  among n ati ve  c lovers . 
Speci es P kg/ha  A P P 1 M P P 2 
T .  gua rt i n i a n um 5 . 0  2744 . 3  1646 . 1 
10 . 0  2098 . 2  1257 . 9  
15 . 0  1753 . 4  869 . 7  
20. 0 1483 . 9  481 . 5  
25. 0  1244 . 6 93 . 3  
30. 0 1020. 4 -294. 9 
35 . 0  804. 8 -683 . 1 
T .  deco rum  5 . 0  1944 . 1 1071 . 9  
10 . 0  1454 . 5 858 . 1  
15 . 0  1220 . 1 644 . 3  
20 . 0  1049 . 4  430 . 5  
25 . 0  904 . 3  216 . 7  
30 . 0  771 . 8  2 . 9  
35 . 0  646 . 7 -210 . 9  
T .  steud ner i  5 . 0  1843 . 5  990 . 0  
10 . 0  1367 . 6  793 . 4  
15 . 0  1143 . 4  596 . 8  
20 . 0  982 . 2  400 . 2  
25. 0 846 . 1  203 . 6 
30 . 0  722 . 7  7 . 0  
35 . 0  606 . 4  -189 . 6  
T .  sch i mper i  5 . 0  1 548 . 0  641. 1 
10 . 0  1056 . 7  489. 7 
15 . 0  842 . 5  338 . 3  
20 . 0  697. 5 186. 9 
25 . 0  580 . 2  35. 5 
30. 0 476. 8 -115. 9 
35. 0 381 . 3 - 267. 3  
T. ru eeee l l i a n um 5 . 0  1069. 3 787 . 9  
10. 0 888 . 6 628. 1 
15. 0  775 . 2  468. 3 
20. 0 678. 5 308. 5 
25. 0 588. 5 1 48. 7 
30. 0 501. 9 -11. 1 
35. 0 417. 2 -170 . 9  
120 
E a  
0 . 6 
0 . 6  
0 . 5  
0. 3 
0. 1 
-0 . 3  
-0. 8  
0 . 6  
0 . 6  
0 . 5  
0 . 4  
0 . 2  
0 . 0  




0 . 4  
0 . 2  
0 . 0  














-0. 4  
Definations : 
1 App = a/b + b - ex and is the average yield , where a ,  b 
and c are coefficients from quadratic equations and x is the 
amount of added P .  
2 M P P  = b - 2cx which is the maximum yield 
3 E = M P P/AP P  and is the rate of plant organic synthesis fo r 
each percent of added fertilizer. Predicted yields , y,  are 
not included here but are plotted in figs. 8 through 1 2. 
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Optimum inputs required to maximise yields ( derived b y  setting M P P  
equal to zero) ranged from 2 5  - 30 kg . of P/ha amo n g  native clovers 
and were same as those for the most p rofitable P rate (i . e .  Pi / Py )  
when hay to phosphate price ratio was considered at 0 . 3 125. 
However , at rates above 25 kg P/ha , OM synthesis was reduced as 
suggested by Elasticity (E) of less than 0.2 (Table 2 5 )  and could 
suggest clover's adaptability through natural selection to low 
phosphorus conditions of the Ethiopian highlands. Phosphate 
treatments means suggested that increases in yields of 2.5 , 4. 0 ,  5 . 0  
and 6.0 times over the check occured fo r 5 ,  10 , 20 and 35 kg P/ha , 
respectively. I t  is a well established ag ronomic prin ciple that P 
uptake by plants is only a small p roportion of the large additions 
n o rmally made on many crops and applications of la rge amounts 
beyond 30 kg/ha could leave large residual effect �n the soil . The 
soi l  respons i ve cha�acteristi c  to applied P as indicated in Expt 4 
toget h e r  w i t h  the  natu re of g rowt h respon s e obtained from t h is s tudy 
suggest that P remai n ing in a lab i le poo l i n  the soi l  can be 
con s idered as capital rat h e r  t han a var iab le  i n vestment  i n  fe rtil izat i o n  
o native c l overs . 
Soil p rope rties at the s tudy ma have played a ro le in 
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growth response of clovers to added P .  The effects of unsuitab l e  pH 
and soil OM content which resul ted in high phosphate adsorption on a 
b l ack earth was shown by Holford (96) on a Vertisol in N ew South 
Wales with a pH range from 7 .  6 to 8 .  1 and soil OM content of less 
than 1 .  67 % .  Soil chemical anal yses at Shola (Tab l es 2 8, 29 ;  data in 
parenthesis) indicated a pH of 5 . 5 , high soi l  organic matter ( soil OM 
9o) , adequate Ca, Mg and K, a l l of which were apparentl y  optimum for 
clovers to respond to P .  Generally, P is most avai lable in the soi l  
having a pH range between 5.5 and 7 .0 ( 66) . Anaerob ic conditions 
induced by waterlogging at this site could also have reduced P 
fixation ( 155) . An associated negative consequence of waterloggi ng 
could have led to the immobilization of nitrogen (20 1) as indicated by 
the low nitrate-Nitrogen (Table 28 ) . 
Debre Zeit 
Analysis of variance did not reveal any significant differences among 
P rates on mean dry matter yie ld . Highly significant differences ( p  
< 0 . 0 1) among species and among harvest times were , however, 
detected ( Table 26 ) .  
This trial was replanted two weeks l ater than usual due to 
its destruction by a torrential rainfall . Lac k of growth response to P 
could have been caused by this problem. Clipping dates were also 
terminated at 120 DA S harvest time because of term inal l eaf scorching 
after 90 DAS. The highly significant species * harvest time 
interaction ( p  < 0 . 0 1 )  suggested that species followed different 
growth patterns (Tab l e  27 ) .  
Table 26 : Mean dry matter yields at Debre Zeit for major effects . 
Effects kg/ha Waller- Duncan 1 
Species 
T.  quartinianum 2556 a 
T.  rueppellianum 1604 b 
T.  res uei natum 1474 b 
T. steudneri 1348 be 
T.  quartinianum ECZ 979 cd 
T. alexandrinum 639 cd 
Harvest times 2 
(Days after sowing) 
75 1317 a 
90 1587 a 
105 1356 a 
120 1194 b 
1 Means with the same letter not significantly different at 
MS0 ° "0 5  of 461 and 169 kg OM/ha for species and harvest 
times respectively. 
2 Fifth and s ixth harvests were not made due to plant death 
after the fourth harvest. 
Trifolium quartinianum, T .  rueppellianum and T. 
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resupinatum gave the largest yields over the other species but were 
the first to dry out just after the second harvest period. Trifolium 
alexandrinum remained green the longest until the last harvest due to 
its relatively deeper tap-root. 
The larger yields shown by species at both 75 and 90 days 
after sowing at Debre Zeit compared to Shela at similar times 
suggested faster clover growth rates at Debre Zeit . 
Ta b l e  27 : D ry matte r y i e l d  d iffe ren ces ( kg/ h a )  a mo n g  
spec i es b y  t i me of c utt i n g  a t  Deb re Z e i t . 
Days Afte r Sow i n g  1 75 90 1 05 
S peci es - - - - - - - - - - - kg/ h a - - - - - - - - - - -
T .  gu a rt i n i a n u m 2468 289 1 2588 
T .  r u eeeel l i a n u m 1 70 1  1 938 1 499 
T .  res uei n a t u m  1 460 1 81 9  1 482 
T .  s te u d n e r i  1 29 1  1 700 1 247 
T .  gu a rt i n i a n u m EC2 939 1 1 32 997 
T .  s c h i mee r i  992 1 047 962 
T .  a l ex a n d r i n u m 369 58 1 893 





1 1 34 
1 1 52 
849 
777 
7 1 7 
H i g h l y s i g n i f i ca n t  ( p  < 0 . 01 )  d i fferen ces a mo n g  s pec i es fo r 
seed y i e l d s  beca u s e of t h ei r ra p i d  matu rati o n  we re d etected ( kg/ h a ) , 
fo r T .  s c h i mee r i  ( 1 6 1 kg ) , T .  steu d n e r i  ( 7 1  kg ) a n d  T .  gu a rt i n a n i u m 
Ecoty pe 2 ( 2 1  kg ) a n d  ref l ect t h e  e x te n t  of s eed r i pe n i n g . Oth e rs 
f l owe red b u t  d i ed befo re sett i n g  s eed . Severa l facto rs we re e x a m i n ed 
fo r t h ei r pos s i b l e effect o n  t h e  poo r res pon s e  of d ry matte r a n d  s eed 
y i e l d s  to a p p l i ed P at t h i s  s ite . A n a l y s i s  of va r i a n ce o n  mac ro- a n d  
m i c ro - n u t r i en t s  between Deb re Ze i t  a n d  S h o l a  revea l ed d i fferen ces i n  
NO� , Z n  a n d  M n  w h i c h  we re s i g n i f i ca nt  ( p  < 0 .  05 ) ( Ta b l e  29 ) .  
Table 29 : Micronutrient (DT PA-soluble) status from soils 
obtained at Debre Zeit and Shola (in brackets) in 1 983 . 
Depth 
(cm) 
0- 1 0  
1 0 -20 
--------------- Pa rt s per Mi 1 1  ion ----------- ----
Zn Fe Mn Cu 
0. 54 
(0 . 77 )  
2 . 30 
(0 . 80 )  
32 . 00 
(58 . 30 ) 
29 . 00 
(58. 20 ) 
36. 65 
( 59. 25) 
34. 40 
( 62 . 25) 
2 . 34 
(2 . 39 )  
2 . 42 




(4. 38 )  
5. 63 
(2 . 50 )  
Differences in extractable Mn between Debre Zeit and Shola 
were possibly associated with waterlogging at the latter site. Atanu 
(22 )  found that DT PA-Mn tended to increase with soil waterlogging 
and attributed this to actions of both microbial and chemical reduction 
of higher oxides of manganese . However, Mn differences here did 
not seem to be cause for low yields. Differences in soil OM % content 
although statistically non-significant were lowe r for Debre Zeit than 
Shala suggesting that the lower content could not have affected P 
adsorption to soil particles to any great degree had fixation occured . 
High soil OM % content tends to reduce the extent to which P 
adsorption occurs on clay soils. 
Soil analysed for available soil P after replanting at Debre 
Zeit in comparis on to the undisturbed Shala trial showed significant 
differences between 0-10 and 10-20 cm sam pling depths . At both 
sites , P content was highest in the top 0-10 cm layer . Larger but 
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Tab le  28 : Mac ron utr ient status  f rom soi l s  obta i ned at Deb re Zeit and  
compa red to Shola ( i n  Pa renthes i s ) Soi l s  i n  1 983 1 
pH 
0- 1 0  6 . 3  
( 5 . 5) 
1 0-20 6 . 4  
( 5 . 5) 
OM 
% 
1 . 6 
(3 . 8) 
1. 4  
(3 . 9) 
NQ3N P 
1 
kg/ha  P PM 
1 9 . 0  
(4 . 5) 
1 3 . 5  
(4 . 5 ) 
6 1 . 0  
(8 . 0 ) 
36 . 0  
( 1 0 . 0 ) 




( 7 1 3 )  
1 1 1 4 
( 7 1 5 )  
Ca  
PPM 
2570 . 5  
( 5603 . 0) 
2626 . 0  
(51 71 . 5) 
Mg 
PPM 
1 0 1 0 . 0  
( 1 1 69 . 0) 
1 068 . 0  
( 1 073 . 5)  
stat i s t i ca l l y non - s i g n i f i ca n t  so i l P wa s obse rved fo r Deb re Ze it  
pos s i b l y  due to d i s pe rs ion of  the  o r i g i n a l  b a n d  of  the p rev iou s l y  
a p p l i ed P i nto d i stu rbed so i l l ayer  beca u se of ret i l l i ng for rep l a n t .  
T h e  d i s pe rs ion  of a p p l i ed P cou ld h a ve l ed to poo r P u pta ke b y  
roots . D ry so i l cou l d  a l so h a v e  l im i ted t h e  u pta ke ( 2 1 ) .  
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A n a l ys i s  of va r i a n ce on moi s t u re data obta i n ed at Deb re Ze i t  
i n  compa r i son to S ho l a  revea l ed h i g h l y s i g n i f i ca n t  d i fferen ces (p  < 
0 . 0 1 )  i n  so i l moi stu re contents betwee n s i tes a n d  among h a rvest 
t i mes . Overa l l  mea n moi stu re con tents  on d ry so i l  we i g ht ba s i s  we re 
1 6  % fo r Deb re Ze it  a nd 53 9o fo r S h o l a , a n d  50 , 35 , 3 1 , a nd 20 % fo r 
75 DAS , 90 DAS , 1 05 DAS h a rvest t i mes , res pect i ve l y . A s i g n i f i ca nt 
s i te * depth of sam p l i n g  i nte ra ct ion  s u gg ested pos s i b l e  d i ffe ren ces i n  
Ta b l e  30 : Pe rcent Soi l Moi stu re Con te n t  Compa red Between 
Deb re Ze i t  a n d  S ho l a  ( i n pa renthes i s )  at  1 /3 a nd 1 5  ba r p res s u re .  
Depth Samp led 
( cm )  
0- 1 0  
1 0-20 
1 /3 - ba r  
39 . 0  
( 60 . 0 ) 
42 . 0  
( 58 . 0 ) 
1 5- ba r  
2 1 . 0  
(46 . 0 ) 
22 . 0  
(47 . 0 ) 
so i l p rof i l e  between 0 - 20 cm depth ( Ta b l e  30) . 
Pa rt i c l e  s i ze determ i n at ion  wa s made . H i g h l y  s i g n i f i ca nt 
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d iffe re n ce s  a ga i n  we re d etected b etween  s i tes fo r c l a y , s i l t a n d  s a n d  
Tab l e  3 1 : P e rcen t  pa rt i c l e  of so i l s  i n  w h i c h  c l ov e rs we re 
g rown at  Deb re Zei t  a nd S ho l a .  
P a rt i c l e  S i z e  0 1  Deb re Z e i t  S ho l a  
Tota l P e rcent  
C l a y  < Q. 002 1 41. 3 * 75. 2 
2 44 .6  75. 3  
S a n d  0. 05-2. 00 1 22. 9 ** 2 .  1 
2 19. 9 2 . 3 
P e rcen t  S i l t 
Coa rs e 0. 02 -0. 05 1 13. 2 * 0. 6 
2 10. 5 0. 2 
P e rc e n t  S a n d  
Ve ry F i n e  0. 05-0 . 1  1 7. 0 ** 0. 6 
2 6 . 0  0 . 8  
F i n e  0. 1 -0. 25 1 8. 3 ** 0. 8 
2 7 .• 1 0 . 8  
M ed i u m 0. 25-0. 5 1 5 . 2  ** 0 . 5  
2 4. 8 0. 5 
Coa rse 0 . 5 -1. 0 1 2 . 5  ** 0. 2 
2 2 . 1 0. 2 
1 S a m p l i n g dept h s  at 0 - 1 0  a n d  1 0 - 20 cm , res pect i ve ly  















2 F - tests  w i t h  t h e  same l ette r  fo r ea c h  d epth a re not 
s i g n i f i ca n t l y  d i fferen t .  * i s  s i g n i f i ca n t at P < 0. 05 , ** i s  
s i g n i f i ca nt at P < 0 . 0 1 ,  between Deb re Ze i t  a n d  S ho l a . 
co n ten t ;  w it h  mea n s  wh i c h  a re s h ow n i n  Ta b l e  31 . 
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Means for fine silt at both locations were not significantly 
different and ranged from 5 . 8  to 8 .  5 9o . The mean for medium silt 
was 16 . 0 9a at each location . 
Separate analyses of variance were also made on moisture 
contents derived by the pressure membrane apparatus on soil samples 
at 1/3-bar and 15-bar tensions (Table 30) . Highly significant 
differences were revealed between sites and were 41 % (1/3-bar) , 22 
% (15-bar) for Debre Zeit, and 59 9o (1/3-bar) , and 45 9a (15-bar) for 
Shola . Data suggested that retention of moisture could be of short 
du ration at Deb re Zeit and low enough to have caused water stress in 
plants . 
A plot (Figures 13 and 14) of field moisture contents 
separated by a horizontal line denoting the 15- bar soil tension at 
which permanent wilting occurs for many crops suggested that Debre 
Zeit had a longer period of water stress than Shola during growth of 
clovers . Evaluation times are expressed on J ulian calendar and are 
25 1 , 262, 279, 29 1 (for Shola) and 268 ,_ 285 300 , 3 14 (for Debre Zeit) 
for both sites at 75 , 90 , 105 and 120 harvest times, respectively . 
Rainfall at Debre Zeit was sporadically distributed throughout the 
growing season and in combination with the lighter soils rendered the 
site more water stressed for growth of clovers than at Shola (Figs 
15 , 16 , 1 7  and 1 8) . Clovers most scorched were also the most 
productive at Debre Zeit . Y ields at equi valent times of cutting were 
still larger at Debre Zeit  than for species grown at Shola and indicate 
that clovers at the former could not to l erate drought . Clovers which 
produced seed were considered to be somewhat drought evading 
1 30 
rat h e r  t h a n  d roug h t  tol era nt . 
Mo i stu re pos s i b l y  l i m i ts t h e  re l a t i ve a b u n d a n ce more tha n  
ada ptat ion  of c love r s pec i es o n  a l t i tu d i n a l  g rad i ents  ( compa re 
Appen d i x  1 ,  2 a n d  3 ,  fo r Deb re Ze it  ( 1 800 m a s l ) , S ho l a  ( 2380 m 
a s l ) , a n d  Deb re Berh a n  (2800 m a s l ) , resp ect i ve ly . A b u nda n ce h e re 
i s  def i n ed a s  the  n u mber of p l a n ts fou n d i n  a g i ven  a rea a n d  ca n 
ra n g e  f rom none to very common ( 1 1 5 ) .  
1 3 1  
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15 -BAR 
SO I L  TENS I ON 
2 0 0  2 2 0  2 4 0 2 6 0  2 8 0  3 0 0  3 2 0  
E V AL U A T I O N T I ME 
C�ased on abso l u te ca l enda r da tes f rom day 1 of a new yea r . } 
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3 3  
3 0  
2 7  
2 4  
1 5-BAR - ------------- --
2 1 
SO I L  TENS ION 
1 8 
1 5  
1 2 
2 2 0  2 4 0 2 6 0  2 8 0  3 0 0  3 2 0  
E V AL U A T I O N T I ME 
( Ba serl on a�so 1 u te  ca l enda r da tes f rom day 1 of a new yea r . )  
(See a l so f i gu re s  on pages 1 47 - 1 56 )  
F IG . 1 5 RAINFALL - DEERE ZEIT 
9 0  
8 5  
8 0  
R 7 5  
A 7 0  
I 6 5  
N 6 0  
F 5 5  
A 5 0  
L 4 5  
L 4 0  
3 5  
I 3 0  
N 2 5  
2 0  
m 1 5  
m 1 0  
5 
0-t::!!!!!������!!!!!!!!!!!!!!: 
2 4 JU N 8 3  1 3 AUG 8 3  0 2 0C T 8 3  2 1 N 0 V 8 3  
D A T E 
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F I G .  16 MAXIMUM AND MINIMUM AIR TEMPERATURES 
DEBRE ZEIT 
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1 37 
E x pe ri me n t  7 
Fo r a g e  y i e l d s  we re e x a m i n ed i n  te rm s  of s pec i es a n d  ha rvest t i m es by 
a n a l y s i s  of  va r i a nce w h i c h  revea l ed h i g h l y s i g n i f i ca n t d iffe re nces  ( p  < 
0 . 0 1 ) fo r both effect s . Y i e l d s  w e r e  l ow e r at th i s  s ite tha n a n y  of 
t h e  s i tes p rev i o u s l y  s tu d i ed . Ove ra l l  mea n y i e l d s  were 272 , 1 86 ,  a n d 
1 57 kg OM/ h a  fo r Vi c i a  da syca rpa , T r ifo l i u m tembe n s e  a n d  T .  
r u eppe l l i a n u m ,  res pect ive l y . Y i e l d s  of T .  res u p i n atum were 
co n s i d e red too l ow to be i n c l u d ed i n  t h e  a n a l y s i s . F i rst , s eco n d , 
th i rd ,  fo u rt h  a n d  f i ft h  h a rvest  t i m e s  ( s i x t h  wa s e x c l u ded f rom 
a n a ly s i s  of va r i a n ce )  were d i ffe re n t  by 49 , 1 50 ,  294 , 261 , a n d  269 kg 
OM/ h a  ove ra l l  mea n y i e l d s , res pect i v e l y . Res u lts  a re g i ve n  i n  Ta b l e  
32 . 
Weat h e r  con d it io n s  i n  1 982 ( T a b l e  33 ) may pa rt i a l l y accou n t  
Tab l e  32 : D ry matte r Y i e l d  i n  Two C l ov e r s  Compa red to 
V .  dya syca rpa at Deb re B e r h a n  i n  1 982 . 
C utti n g  Date 
S eptembe r 22 
Octobe r 1 2  
October 27 
N ovember 1 0  
November 29 
December  1 7  
OM Y i e l d  ( kg / h a )  
tem b r u ep p  dyscp 
46 42 52 
1 59 1 45 1 47 
292 244 347 
1 73 235 376 
1 1 1  26 1 434 
0 0 471  
Table 33 : Comparison of 1 0-day rainfall (mm) and mean 
so i l  temperature at 1 0  cm depth recorded at Debre Berhan in 1 982 
and compared to Shola (in parenthesis) . 
Decade First ( 1 - 1 0) Second ( 1 1 -2 1 )  Thi rd (2 1 -30) 
Month (mm) o c  (mm) (mm) o c  
A .  Maher 
July 1 3 . 0  1 3. 6  45. 1 1 3 . 8  1 74 . 5  1 3 . 8  
(54 . 4) ( 1 6. 0) (45. 6) ( 1 5 . 5) ( 1 44. 8) ( 1 6. 0) 
August 1 38 . 6 1 3. 5  1 49. 4 1 4. 2  1 22 . 5  1 4. 7  
(63. 9) ( 1 6. 0) (72. 0) ( 1 5. 5) (83. 5) ( 1 6. 0) 
September 47 . 3  1 5. 1 1 9 . 0  1 5 . 4  1 4. 5  1 4. 4  
(84 . 0) ( 1 6. 0) (77. 9) ( 1 6. 0) (37 . 2) ( 1 5 . 5) 
B. Tsedia 
October 33. 7 1 4. 0  20. 7 1 3. 7  0. 0 1 2 . 0  
(33 . 9) ( 1 6. 5) ( 1 .  7) ( 1 5. 0) (0. 0) ( 1 4. 0) 
C .  Bega 
November 0 . 5 1 2. 6  0. 0 1 2 . 3  8. 5 1 2 . 5  
(27 . 3) ( 1 6. 5) (4. 3) ( 1 5 . 0) (0 . 6) ( 1 6 . 0) 
December 0 . 0  1 1 . 0 1 . -2  1 3 . 0  0 . 0  1 1 . 6 
(0 . 6) ( 1 5 .  0) (3 . 3) ( 1 6 . 0) (0 . 1 )  ( 1 9 .  0) 
for such low y ields. 
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Duri ng the Maher per iod ,  heavy ra i n fall combi ned with low 
temperatures occured i n  the th ird decade (d ecade defin ed here as a 
mon thly 1 0-day weather record) (Table 33) of July an d lasted 
through the month of August . This period is  important for seedli ng 
emergence ,  growth and nodulat ion . Very slow growt h was observed 
1 39 
at that time. Soil waterlogging appeared to predominate during  the 
Maher probably causing  aeration problems. 
Toward the Tsedia period when rainfall was on the declin e  
at Deb re Berhan ,  T. temben se had al ready reached its post­
vegetative development  indicatin g  its rapid progression to maturity 
within the short season left. Flowers were observed on this clover 
on  September 22 (72 DAS) by the first harvest date. Low 
temperatures have been reported to accelerate flowe ring  of some 
native clovers (1 22, 1 58) . The stan ds averaged only 3. 0 cm tall. 
Only limite� stan ds of T. resupin atum were apparent and the clover 
rapidly dropped out. T. rueppellian um appeared to ' pick up ' in 
g rowth but only lasted as long  did T. tembense and died out before 
setting  flowers when temperature dropped to 1 2. 3  °C . Vicia 
dyasca rpa persisted into December but the combined effects of low 
moisture and low temperature elimin ated the clover during the third 
decade. 
Radiation was less likely to have limited photosynthetic 
processes in clovers grown at Deb re Berhan compared to Shol a  (Table 
34 ) . 
The effects of weather on  yield of a crop are not usually 
easy to assess. Attempts to correlate weather factors with yield have 
been of little value ( 63 ) . Devanathan ( 63) proposed an empirical 
weather parameter ;  the product of the mean mon thly sunshine hours 
( S  as given by a Campbell Stokes Reco rde r )  and rai nfall for that 
month ( R) .  Applying this to the yields he concluded that parameter 
RS may be a rel i able index for p redict ion of yields with respect to 
Tab le 34: Comparison of mean dai l y  sunshine hours 
between Shela and Deb re Be rhan s i tes in 1 982 
Month 








10 . 1 
9 . 6  
1 1 . 6 
12 . 7  
13 . 0  
1 3 . 6  
Shola 
3 . 6  
3 . 3  
3 . 4  
9 . 6  
7 . 8 
8.0 
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weather even for annual crops . Refinement of this parameter  to 
include tempe rature and surface run-off was unde r val idation at the 
time of Denavathan 's  p roposition but various data reported 
nume rously have since stressed the significant impact temperature has 
on yie lds of many crops e lsewhe re (27 ) . 
In 1983 , seve ral clov e rs thou ght to be most l ike ly  
successful under wetland situations we re further sc reened in 
un replicated strips without much success (Appendix 7 )  but weedy T .  
tembense predominated in the a rea probably due to phosphate 
ferti l ization indicative of this cl over 's  potentia l to be the most 
suitable for Debre Berhan·s  bottoml ands. 
Deb re Berhan is located on the landmass which has 
undergone extensive volcanic activity . The parent rock in the area 
was derived from heavy basa ltic lava layers and the terrain is quite 
irregular .  Livestock production in this area is important . Catt le are 
raised primarily for providing traction, with meat and milk as 
secondary products. Sheep raising for sale is common . 
1 41 
This is a stress environment under which very few 
productive forage legumes have been successfully grown . Heavy 
seasonal rain, waterlogging, occasional frost and/or drought and low 
soil fertility all have previously been suspected by I LCA as causing 
stand failures of many crops and undermine efforts in developing 
suitable forage legumes. In bad years, even the best yie lding 
species, Vicia dayscarpa, which is normally grown in mixture with 
oats (Avena sativa) yields poorly as the present data indicated . 
Watershed management would appear to be the most urgent measure of 
correcting waterlogging before successful establishment of species can 
be expected on the bottomlands . 
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E x pe r i m e n t  8 
A n a l y s i s  of va r i a n ce revea l ed h i g h l y s i g n i f i ca n t  d i ff e ren ces ( P < 0 .  0 1 ) 
amo n g  s pec i es . Ove ra l l mea n s ee d  y i e l d s  we re 828 , 765 , 628 , 603 , 
532 , a n d  53 kg/ h a  fo r T .  steud n e r i , T .  s c h i mpe r i , T .  gu a rt i n ia n u m ,  
T .  tembe n s e ,  T .  deco r u m ,  T .  r u eppe l l i a n u m ,  a n d T .  a l ex a n d r i n u m ,  
res pect i ve l y . T h e  top two s eed y i e l d e rs we re eq u a l  i n  mea n y i e l d  
b u t  d iffe red f rom ot h e rs . Dow n t h e  I i  n e ,  t h e  n e xt  th ree s eed y i e l d s  
we re s i m i l a r  b u t  d iffe ren t  (Wa l l e r - D u n ca n , P < 0 . 0 1 ) f rom t h e  l a st 
two . T h e  lowest mea n s eed y i e l d  w a s  s i g n i f i ca n t l y  lowe r t h a n  t h e  
res t . Amo n g  P rates , ove ra l l  mea n s eed y i e l d s  fo r 3 5 ,  1 0 , a n d  O kg 
P/ h a  we re 745 , 539 ,  a n d 277 kg / h a , res pect i v e l y , a n d we re h i g h l y  
s i g n i f i ca n t  ( p  < 0 . 01 ) .  A h i g h l y s i g n i f i ca n t  s pec i es * phos p horu s 
i n te ract ion  s u ggested t h at p h os p h o ru s h a d  d i ffe re n t i a l  effects on s eed 
p rod u ct ion  of c love rs ( Ta b l e  35 ) . 
I n  T .  ste u d n e r i  a n d T .  temben s e  s eed y i e l d s  we re i n c rea s ed 
f i v efo l d  at 35 kg P rate ove r  t h e  u n fe rti l i zed t reatments w h i le a 
dou b l i n g occ u red i n  t h e  rest of t h e  c lov e rs . La rge seed y i e l d  
res pon s es to P h a ve been repo rted i n  ot h e r  leg u me s pec i es s u ch a s  
La b l a b  pu rp u re u s  ( 1 88 )  a n d  Ca l opogo n i u m m u c u n o i d es cv . S i rat ro 
( 1 63 ) . 
Va r i at io n s  a p pa re n t  i n  T .  d eco r u m  may h a v e bee n d u e  to 
u n a v o i d a b l e  seed s h atte r i n g  d u r i n g h a rves t i ng  a s  ma n y  of t h e  s pec i e s 
we re s h atte red at s l i g h t a g i tat i o n . 
Comme rc i a l  s eed p rod u ct i o n  i n  ew Zea l a n d  of T .  repe n s  
cv . G ra s s l a n d H u i a a v e ra g e s  a bo u t  800 kg/ h a  u n d e r  good ma n agem e n t  
.  
Ta b l e  35 : Effect of P hos p h o r u s  fe rt i l i z e r  o n  S eed Y i e l d  
( kg/ h a )  of some C l ove rs at  S ho l a  i n  1 983 . 
S pec i e s  P h os p h ate  Rates ( kg/h a )  
0 10 35 
- - - - - - - - - - kg/ h a - - - - - - - - - -
T .  a l e x a n d r i n u m 1 
T .  sch  i mpe r i  
T .  qu a rt i n i a n u m 
T .  temben s e  
T .  d ecor u m  
T .  ru eppe l l i a n u m 
1 E x ot ic  lover  fo r compa r i s o n . 
1 2  
533 
478 
2 1 2  
305 
1 1 7 
29 











( 1 94 ) . S eed y i e l d s  of n at i ve c love rs we re of s i m i l a r  mag n i t i tude  a s  
y i e l d s  norma l l y obta i ned f rom oth e r  n o n - c l o v e r  t ropi ca l fo rages  (34 ,  
1 63 ,  1 94 ) . 
1 43 
I n  Stylosa nt h es h u m i l i s  seed y i e l d s  ra ng i n g f rom 700 to 900 
kg/ h a  we re obta i n ed u n d e r  good h u s b a n d ry ( 99 )  a n d  fe rt i l i zer  
a p p l i cat io n s  (34 ,  1 94 ) . 
Thou s a n d  s eed wei g h t  c h a ra cte r a mo n g  c love rs ( Ta b l e  36 ) 
wa s n ot s i g n i f i ca n t l y  a ffected by P a p p l i ca t i o n . The  wei g ht ( a  
fea t u re g e n et i ca l l y p redete rm i n ed ) u s u a l l y l i tt l e  affected by  fe rt i l i z e r  
1 n d u ceme n ts ( 1 63 ) , rema i n ed u n c h a n g ed b P a p p l  i ca i on . Fa ctors 
cont r i b ut i n g  d i rect l y  to seed y i e l d i n g a b i  1 ty i n c l u de the n u mbe r of 
i n f l o rescen ces p e r  p l a n t ,  n u mbe r of f l o re s p e r  i n f l o res cence ( h ead 
s i ze ) , the p ropo rt i o n  of f l o ret s w h i c h  set seed a n d  i n d i v i d u a l  seed 
Tab l e  36: Species Differences i n  Seed Size . 
Species 
L -scb ia:u::2et:i 
T. tembense 
I .  �teu.a-ne r-t 
T . g u a rt t n i a n  um 
T .  decor-um 
T .  rueppelt ranum 
1000 - Seed 
Weight 
(gm) 
2 . 0656 a 
1 .  7969 b 
1 . 2294 C 
1 . 1 916 c 
0 . 9096 d 
0 . 7755 e 
N umber 
of seeds 
i n  1 kg 
486, 381 
556 , 53 1  
8 1 3 , 405 
83 9, 208 . 
1 , 075 , 73 1  
1 , 289, 491 
Means with the same letter are not significantly 
different at  MSD 0•0 5 = 0 . 14 10 (Wal ler-Duncan , p 
< . 05) . 
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weight (80) . I ncreases i n  seed product ion of n at ive c lovers because 
of added P poss ib ly resul ted from enhanced growth of these t issues . 
E xperiment 9 
A nal ysis of variance revealed high ly sig n i f icant  ( p  < 0. 0 1 )  differences 
between SR and LR,  among harvest t imes , a n d  among species . 
Overa l l  mean yields for SR and L R  were 2 .  7 and 1 . 5  MT/ha , 
respecti vely . Cuts made at 130 , 165 DA S and end- of-growth maturity 
gave mean yie lds of 1 . 8 ,  2 . 2  and 2 . 3 MT/ha ,  respecti vely . Species 
mean yi �lds ( MT OM/ha)  were of the fol lowing order : 4 .  5 in T .  
quarti n ia num ,  3 . 0 i n  T .  decorum , T .  steudneri , a n d  T .  
rueppelli an um ,  2 . 8 in T .  tembense ,  1 .  8 in T .  quarti n i anum EC2 , 1 . 4  
i n  T .  po lystachyum , T .  resupi n atum , 1 . 0 i n  T. baccarini  and T .  
145 
subterraneum and with the lowest harvest in T .  fragiferum with 0 . 095 
Table 37: Trifolium Species (OM Yield) Performance 
Groupings based on Waller- Duncan (p < . 05) means separation . 














1 Means within each group are not significantly different 
(WallerDuncan, p < 0 . 05) . 
2 Names a re truncated to f i t  the space . 
(Table 37) . 
E Group 
fragm 
Significant differences (MSD a. U'5) in dry matter y ield among 
species arranged from highest to lowest were as follows: Group A > 
B > C > T. fragiferum . 
Season of sowing (RS) and harvest time (short rains (SR) 
and long rains ( LR) ) had s i gnificant i mpact on OM y ield response 
among clovers and hence , the presence of the signif i cant (p < . 05) 
species * harvest ti me * RS i nteract i on (F igs . 19 through 29) .  
Clovers in groups A and B (Tab le 37) when graphed as i n  
F igs. 1 9  through 23 indi cated contrast i ng yield responses due to 
season of sowing. 
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In temperate regions, both temperature and radiation 
inversely attai n the ir peaks and as the season's  growth progresses 
both eventually decline and induce plant dormancy which marks the 
end of growth in over-wintering speci es. In Ethiopian highlands , 
both these factors increase with season and most crops will continue 
to grow i f  moisture is available as indicated by S R  grown clovers but 
rapidly age as similarly observed for the L R  growth as a means of 
evading drought (27, 82, 98, 99, 100, 101) . 
Harper (85 ) referred to annual species which surpass their  
expected growth durations as indeterminate as a result of 
environmental influences or those due to climatic factors. Such 
species, as might be the case with native clovers, con form less 
rigidly to intrinsic regulated growth patterns (85 ) .  Periods of 
maximum accumulation of dry matter based on cale ndar days are not 
physiologically meaningful as predictive tools for growth of species 
such as alfalfa and clovers under temperate climates but may have 
value as management tools in tropical climates in which unfavorable 
climatic changes directly limit growth of many plants over time . The 
perennial clover, T. fragiferum and the short-lived perennial native 
species T. polystac hyum ( Figs. 25 and 29 ) appeared to have shown 
pronounced indetermi nate annuality for the S R -grown growth and 
then reverted to a determin ate annua l  condition indicating that season 
of planting and harvest times were probably largely weather­
dependant. 
The ratios of S R : L R  growth ( R 1 )  were approx imately 1 :  1 in 
T .  su bterran eum and T .  resupinat u m ,  both species which are 
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commercial variet ies .  Only one native species T. quartinianum EC2 
conformed to SR : LR ratio of 1. Most clovers showed about 1. 5 ti mes 
as m u ch growth durati on for short versus long rainy season sewi ngs. 
Ratios of SR highest cut to L R  highest cut  (R5) suggested the 
s uperior DM production for SR grown clovers possibly due to 
combined favorable moisture from both seasons (Table 38) . Dry 
Matter production peaks for both SR and L R  sewings were equi valent 
in T .  quartin ianum suggesti ng, perhaps, an intri�sic high yie ld ing 
attribute in  this species over all other clovers studied. The low R2 
values representing the SR : L R  y ield ratio at 130 DAS harvest time 
appear to depict clovers with adaptati on to wet soils (Tabl e  38) for 
T .  quart in ianum, T. decoru m, T. tembense, and T .  baccarini .  These 
species are simi larly reported elsewhere as adapted to damp s ites 
(184) . The R2 value for T. fragiferu m  appears to refu te the not ion 
that thi s  species uni versal ly tolerates waterl ogging condit ions as 
reported in  l i terature (192) . 
I l abeled one of the species used in  this study as Tri fol i u m  
quart in ianum, (see citati on 154) , Ecotype 2 ,  (EC2) , because of i ts 
distinct stature and flora l featu res from T .  quart in ianum (the common 
type , according citat ion 184) . The contrasting performance between 
the two strains further points to their  possi ble genetic distinctness. 
Ra infal l data for Sho l a  s ince 1 902 indicate that 75 years 
e x perienced rainfa l l during Apri l . F i ve years of that period rece i ved 
rainfa l l  in  ex cess of 200 mm in  May . Recentl y ,  mean monthly rainfal l 
in  February , March , April  and May between 1 975 and 1 982 was 56 , 
96 , 65 and 85 mm, respective l y  and s imi l ar to a 42 - year Addis Ababa 
Table 38 : Mean dry matter y ie l d  rat ios between the short 
rains ( SR) and the l ong rains ( LR) at Shola  in  1983. 
Variab les 1 
- - -Days- - - - - - - - - - - - - - -Rat ios- -- - - - - - - - - -
S peci es SREC LR EC R1 R2 R3 R4 
quart 233 155 1. 5 0. 7 1. 2 1. 7 
steu d  183 136 1. 3 1. 1 1.6 2. 3 
deco 220 136 1. 6 0. 7 2. 0 2 .  1 
r uepp 230 143 1. 6 1. 4 2. 7 3. 3 
temb 2 17 136 1.6 0. 7 1 . 8  3. 5 
quart EC2 170 155 1. 0 2 . 0 2.4  2.2 
po l yst 241 160 1. 5 2. 6 31 .2 7.6 
res up 183 160 1. 1 6 . 4  15. 5 2 7. 0  
subt 190 160 1. 1 3.9 1.8 0.6 
bacc 198 136 1.2 0. 8 1. 5 1.2 













2 .  1 
1 SR EC = SR growth duration to end-growth maturity ; LREC = 
LR growth duration to end- growth maturity ; 
Rl  = SR : LR growth durati on ; . 
R2 - R4 = SR: LR OM y i e lds at 130, 16 5 and end-growth, 
respecti ve l y ;  
RS = SR : LR DM y i e lds for h i ghest cuts onl y. 
average suggesti ng that rainfal l rece i ved during Belg in the year of 
this study was not unu sual. 
For many annuals to be su ccessf u l l y grown twice in a year 
in the tropics requires that species have growth compensating 
mechanisms such as phenoty pic p l asticity, f lexibi l ity or homeostastic 
growth responses . ative cl overs ap peared to disp lay this versati l ity 
1 60 
by adjusting their growth between seasons by differential dry matter 
accumulation. In terms of eccological success, L R  growing conditions 
cannot be regarded as unfavorable for the adaptation of the native 
clovers to the above conditions. Native clovers have probably 
evolved as opportunists to cope with such seasonal changes by 
adjusting the rate of their dry matter acumulation (i. e, growth) 
between � and Maher seasons and could mean that moisture rather 
than drought stress has played an important role in the adaptive 
success of native clovers in the Ethiopian highlands (see also 27, 
1 37 ,  206) . 
Generally ,  crops planted during S R  season have a longer 
growing period than L R  planted crops because of warmer 
temperature , maximum solar radiation and reduced waterlogging all of 
which act to enhance seedling establishment. H owever , the dry spell 
that intervenes between the two seasons can drastically reduce the 
surviving stand if conditions become too dry for plant growth. Bega 
spell has important effects on seedling replacememt and survival into 
the LR season. 
During this period , therefore , seedlings were counted to 
determine clover survival (and analysed ( 1 79 )  as categorical data ) in 
T .  rueppellianum , T. decorum , T .  steudneri , T. resupinatum and T. 
subterraneum . Between season differences in plant counts were l arge 
in T .  quartinianum , T .  quartinianum EC2 , T .  po lystachyum and T. 
baccarini all of which were hig h l y  significant ( p  < 0 . 0 1 ) .  
either season of sowing nor time of counting had any 
significant effect on seedl ing counts in T .  tembense and T. 
f ragiferu m  ( Table 39) . Others showed highly significant (p  < . 0 1 )  
interaction for season of sowin g  * time of cou nting with T. 
rueppellian um being on ly sign ifican t  (p  < 0. 05) . 
Differences in cou n ts between seasons were possibly 
associated with species differential sensitivities to variable moistu re 
conditions. 
1 6 1 
Trifolium quartinian u m  sh owed better emergence than other 
clovers both in SR and L R  sowin gs but its seedlings during the 
former season were most vulnerable to drying con ditions. As seen 
f rom previous trial (Expt 6) it was also most affected by dry 
conditions at Debre Zeit indicatin g  that it was least tolerant to drier 
habitats inspite of its high yielding ability. 
The SR seedling cou nts appear not to have affected the 
final DM yields as suggested by the R5 ratio (see Table 38) for T. 
quartinian u m. However, yields of the latter clover were favored in 
both seasons by sustained rain fall ( Ap pendix 1) . Cou nts in the two 
species were probably u naffected by the intervening dry spells 
between SR and L R  because of their tolerance to moisture stress of a 
short-du ration. 
The LR seedling cou nts we re so low in T .  resupinatum, T .  
su bterraneum and T. polystachyum that patchy stands gave poor dry 
matter yield . The exotic clovers are, generally , adapted to warmer 
summers an d better drained soils from their areas of origin (149, 
1 92, 205 ) .  The poor performance of the native clovers d uring the 
long rainy season may indicate the negative effect of slow growth 
rather than reprod uctive failure since the surviving plants produced 
Ta b l e  39 : Mea n p l a n t  co u nts/m 2 a mo n g  c lo v e rs g row n i n  
d i ffe rent  s ea son s at  S ho l a  i n  1 983 . 
S peci es 
1. .. q u a  rt i n  i a n  um 
i .  bacca r i n t  
I.
. 
gua rt1 n 1 a n u m 
T .  eo ly:stachy:u m 
T .  ru eppe l l i a n u m 
T .  d eco-r u m  
T .  steudn er i  
T .  res upi n atum 
T .  s u bte r ra n eum 
EC2 





Two-facto r I n te ra ct ion s 
S ho rt Ra i n s  
B e l g  Ma k e r  Ma h e r  
160 123 
160 1 1 0 
346 213 













Lon g  R a i n s  1 
0 1  02 03 
158 1 79 208 
138 194 220 
127 173 1 63 
44 44 44 
25 16 15  
1 L R  cou nt i ng i nte rva l s ,  D 1  t o  03 a re eq u i va l e n t  i n  days afte r 
sow i n g  to S R  sampl i n g dates . 
r i p e  s eed . 
S i g n i f ica nt ( p  < . 05 )  s ea s o n  * t ime of co u n t i n g  i n teract ion  
a p p ea rs to h a v e  been d u e  to s eed l i n g mo rta l i ty ca u s ed by Ma ker  d ry 
s pe l l  ( Tab l e  39 ) . T h e  affected s pec i es , g e n e ra l l y ,  ma i nta i n ed h i g h e r  
co u nt s  i n  re lat ion to ot h e r  c l ov e r s . 
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Table 40: Ratios of maturation : f lowerin g  days amon g clovers across 
season s. 
Rainy Season 
Species Short Lon g  
quart 1 . 4 ( 162 ) 1 1 . 5 (106 ) 
temb 1 . 3 ( 162 ) 1.  7 (80) 
ruepp 1 . 4 (162 ) 2 . 4 (60) 
pol yst 1 .  5 ( 162 ) 1 .  6 (100) 
baccr 1.2  ( 162 ) 1. 9 ( 73 )  
quart2 1 .  6 (106 )  1 .  6 ( 100) 
decrm 2. 1 ( 106 ) 1.9 ( 73 ) 
steud 1 . 9  (85)  1.9 (72 ) 
subcl 2.2 (85 ) 2.0 (80) 
1 Days to maturation after sowin g.  
A poin t  of in terest apparent  in th ese results are t h at 
first ly ,  seedli n g  coun ts we re n ot n ecessari ly a reflection of the fin al 
stan d  den sity and t h e  resultant DM - yields except in situation s  wh ere 
coun ts were so low t h at p lot cover appeared obviously patchy .  
Secondly , there is support to a v i ew main tained by some forage 
agronomists, (e . g. 11 5), t h at differential seedi n g  rates (on which 
stand den sity depends) amo n g  species account l itt le  to yie ld 
di fferences un less , of course , very low seed rates have been 
employed . Thirdly, to hedge agai n st fa lse germination of a scarif ied 
seed when SR season i s  util i zed for sowin g, it appears best to avo id 
seed scar ificat ion ex cept for LR p lant i n g . En viromental effects on 
hardseeden ess i n  forage legumes sti l l remai n s  a subj ect of active 
1 64 
research ( 19 ,  20 , 88 ) . On several occasions , I observed that native 
c l over seeds rapidly germinated within a day or so upon scarifi cation 
with sand-paper , bo i l ing or w i th acid treatment but with l ittle 
success on unscarif ied seed. Without any of the above treatments 
only l imi ted germination was achi eved after many months of soa k ing at 
room temperature . Causes were not known as attempts to germinate 
the unscar ified seed under l ight , dar k or exposure to hot sunshine 
all failed , yet the untreated seeds were able to germinate with in  one 
wee k of rains when planted during the SR i n  this study . A Shola 
so il  extract , Gibberellic aci d ,  and potassi um nitrate solutions were 
finally tried as treatments to hasten germination but without much 
success . Seedl ing counts and DM yields , perhaps with the exception 
of T .  steudneri ( Table 39) , among c l overs appear to have been less 
affected by SR non-scarif icati on and LR scarif icati on seed treatments . 
Lastly , the ratio of maturati on :  flowering days ( Table 40 ) were 
approxi mately equivalent between SR and LR seasons , indicating that 
flowering induction is under a genie regulat ion and not under 
enviromenta l or cl i matic influence . 
Experi ment 10 
D i fferences in plant fracti ons on dry weight basis due to effects of 
appl ied phosphate were not detected by ana l ysis of variance for data 
of 1982 . Large values for coefficient of variation ( CV )  were detected 
and were most l ike ly due to physica l handling of 1 982 experimenta l 
materia l  ( P F82 ) . 
Sl ight increases in number of seed heads with higher leve ls  
of added P ( p  < 0 . 06 )  we re a p pa ren t ,  a l thou g h  n ot stati st i ca l l y 
s i g n rf i ca n t amo n g  P F82 fe rt i l i ze r  rate s . 
T a b l e  4 1 : C ru d e  p rote i n of va r io u s  o rg a n s  i n  th ree 
c love rs  a s  affected by p hos p h ate fe rt i l i zat ion . 
p P l a nt F ract ion  
S pec i es kg/ h a  Lea ves H ea d s  Pet io l e S tem s 
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- - - - - - - - - - - - - - -- - - % ----- ------ -- - - - - -- - - - - -
res u p  0 25 . 8  NIA 9 . 6  8 .  1 
r u e p p  0 23 . 4  1 9 . 3  9 .  1 7 . 4  
temb 0 27 . 5  25 . 1 9 . 3  8 .  1 
r u epp 4 23 . 0  22 . 5  1 0 .  1 8 . 6 
1 0  26 . 3  22 . 1 9 .  1 7 . 3  
temb 4 23 . 8  24 . 0  9 . 0  7 . 6  
1 0  30 . 0  26 . 3  9 . 7 8 . 2  
N /  A T h e re w e re no s eed h ea d s  on th i s  p l a n t .  
N at i ve c l overs h ad c r u d e  p rote i n pe rcen tages s i m i l a r  to T .  
res u pi n a t u m  i n c l u d ed fo r com pa r i so n . A d d ed P d i d  n ot affect C P  96 
co n tent  of va r iou s f ract ion s a l t h o u g h a stat i s t i ca l l y non - s i g n i f i c a n t  
i n c rea s e  between 4 a n d  1 0  kg P/ h a  wa s ob s e rved . 
S l i g h t  i n c rea s es i n  p red i cted DM D % ( Ta b l e  42 ) occ u red 
b etween  4 a n d  1 0  kg P/ h a  amo n g  p l a n t pa rts of T .  tembe n s e . 
C ru d e  P rote i n co ntents  i n  l eaves a n d  seed h ea d s  we re 
Table 42 : Predicted i n  vivo dry matter 
digestability (.OMO) 9o as affected by phosphate fertilization. 
p Plant Fraction 
Species kg/ha Leaves Heads Stems 
- - - - - - - - - - - - - % - - - - - - - - - - - - - - -
DM D % 1 
resup 0 78 . 5  N/A 77 . 6  
ruepp 0 78 . 4  68 . 6  65 . 8  
temb 0 75 . 9  69 . 0  75 . 2  
ruepp 4 76 . 6  54 . 5  66 . 7  
10 80 . 6  69 . 0  72 . 3  
temb 4 74 . 7  69 . 0  7 1 . 3  
10 76 . 1 70 . 5  77. 3 
1 DMD % = 0. 74 (OMS %) + 15 . 72 where O MS % = Dry Matter 
Solubility 
N /  A There were n o  seed heads on this plant. 
larger than for stem and petiole fraction s. 
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Some work at I LCA has demon strated good feeding value of 
cereal crop residue when mixed with T .  tembe nse and/or T. 
rueppellianum (134) sug gestin g  superior feeding quality of native 
clovers. Results of this study i ndicate that forage quality as 
assessed in  native clovers was comparable to T . resupinatum ( a  
commercial ex otic line). 
Data on relative proportion of P F83 among various clover 
were subjected to a nalysis of variance which revealed sig nificant 
differen ces in proportions of plant  organs (Table 43 ) .  
Trifolium polystachyum had the heaviest stem tissue ( Table 
43 ) .  A l a rge  dec l i n e f rom wet s tem to low d ry stem wei g h t  i n  T .  
tem be n se a n d  T.  q u a rt i n i a n u m s u ggested l a rge  stem h o l low n es s  of 
these  s pec ies . 
1 67 
Dec rea ses  i n  t i s s u e  wate r con tent  on d ri ed s eed - h ea d s  i n  T .  
steu d n e ri , T .  deco ru m ,  T .  tem be n s e ,  T .  q ua rt i n i a n u m a n d T .  
bacca r i n i  were not l a rge . 
Mea n l eaf we ig hts  on  wet ba s i s  we re stat i s t i ca l l y  non ­
s i g n i f i ca nt but  d i ffe rences i n  d ry l eaf we i g h ts s i g n i f i ca nt ly  d i ffe red 
a mo n g  some c love rs . D ry l eaf  we i g ht d i ffe ren ces were pos s i b l y  d u e  
to d i ffe ren t  stages of s pec i es g rowth a n d h e n ce va r i a b l e  t i s s u e wate r 
con te nts . H ea v i est l eaf we i g ht f ract i o n s occu  red i n  T .  po lystac hyu m ,  
T qu a rt i n i a n u m a n d  T .  r u eppe l l i a n u m . 
T r i fol i um sch i mpe r i  a n d T .  tem ben se s howed 6 :  1 and  5 :  1 
stem : l eaf rat ios on a d ry we i g ht ba s i s ,  res pect i ve l y . P roges s iv e  
matu rat ion cou l d  red uce t h e i r C ru d e  P rote i n content  beca u se of 
pos s i b le  stem l i g n i f i cat ion  ( com pa re Tab l es 20 a n d  43 ) . Oth e r  s pec i es 
i n  dec reas i n g mag n it u de of stem : l eaf  d ry we i g hts we re : T .  
po lystachyu m, T .  decorum and  T .  bacca r i n i  ( ca .  4 : 1 ) ,  T .  
r u eppel l i a n um a n d  T .  steud n e r i  ( ca . � : l ) , a n d T .  q u a rt i n i a n u m 
st ra i n s ( <  2 . 5 : 1 ) .  T h e  l a st s pec i es , bes i d e  bei n g  a h i g h  y i e l d e r  a s  
s hown f rom p rev iou s stu d i es h ad a low stem : l eaf rat io wh i c h  i s  a 
des i ra b l e  q u a l i ty feat u re .  
I n  most c lovers seed h ead f ract ion s we re hea v i e r  th a n  l eaf  
f ra ct ion s .  At post - vegetat i v e sta ges of t h ese c lovers , seed h ea d s  
mo re t h a n  l eaf f ra ct ion m a y  become i mpo rta n t  i n  affect i n g  fo rage 
q u a l i ty .  
Ta b l e  43 : Re l at i ve we i g hts  of va r iou s o rg a n s  amo n g  c love rs 
Stems Head s  Leaves 
Spec i es Dry Wet Dry Wet Dry Wet 
- - - - - - - - - - - - - - - - - - gm - - - - - -- -- - - -- -- -- - - - - - - - -
po lyst 1 1 . 8 39 . 6  3 . 7  1 0 .  1 2 . 8  6 . 8  
temb 5 . 7  1 8 . 3 2 . 0  5 . 5 1 . 2 3 . 0  
dec rm 5 . 6 24 . 8  3 . 6 1 0 . 6 1 . 3 3 . 4  
ruepp 5 . 6 22 . 9  3 .  1 1 1 . 2 1 .  6 5 . 3 
sch i m  5 . 4 15 . 2  3 . 2  9 .9 0 . 9 3 . 8  
q u a rt 5 . 4 26 . 1 1 .  7 7 . 4  2 .  1 6 . 7 
steud 3 . 4  1 2 . 7 3 . 8  1 1 . 5 1 .  1 6 . 3  
q u a rt2 2 . 3  9 . 3  2 . 6 1 0 . 3 1 . 0 4 . 6 
bacc 1 . 4 4 . 0  0 . 8  2 . 4  0 . 4  1 . 3 
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16 9 
OVERALL D ISCUSS IO N AND CONC LUSIO NS 
An initial research brief on potential forage of native clovers of 
Ethiopia was first released by A kundabweni (4) and later reiterated 
in New Scientist (55) . Complete results support statements of that 
communication on the possible future role of Ethiopian clovers in 
forage farming . 
Differences in growth responses to added P among native 
clovers were considered in terms of their exclusive coexistence in 
microsites which are enviromental niches constituting some specific 
phase of the habitat mosaic within which such species as T .  
rueppellianum and T. tembense perform contrastingly . Variations in 
yields of T .  rueppellianum and T. tembense were consistently 
opposite in trend. Because microsites are likely to be highly 
seasonal , yields could be considered as simply adjustments to 
environmental changes. 
Support for this conclusion is partly based on observations 
made during plant exploration from which I observed that several 
clover species tended to co-exist in similar habitats but were in 
distinct mosaic patches . For example , T.  usamberense , T .  
cryptopodium, T .  polystachyum ,  T .  billianatum and T .  calocephalum 
were mostly found on marshy black clays, along stream banks , 
creeks , and bottomlands and in areas dominated by several wetland 
grasses and sages . Trifolium simense grew within a range of 
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conditions varying from very wet meadow to drier hilloc k 
environments and from black earths to volcanic roc k soils . Trifolium 
burchellianum var . Johnstonii occured in valley bottoms on pasture 
and arable land, on moist basaltic soils or on steep slopes in rough 
grassland and scattered thic kets . Trifolium rueppellianum inhabited 
arable areas and young pastures but occasionally also thrived under 
seasonally waterlogged conditions along side T .  tembense if conditions 
were not too wet for its presence there . Trifolium semipilosum , T .  
pichisermolli, T .  baccarini and T .  mattirolianum occured on rolling 
hills, steep slopes and open grasslands on thin soils . Trifolium 
decorum and T .  guartinianum were found on very deep black clays 
along roadside edges and shallow ditches and for some reason , were 
mostly restricted to the North- Western highlands . Trifolium 
steudneri and T .  schimperi were fo·und on less moist soils but also 
thrived j ust as well on heavy clay soils . Trifoli.um acuale, T .  
petinianum, T .  multi nerve, and T .  spanathum, generally creepers, 
formed dense ground 'mats or carpets' in areas where conditions 
seemed somewhat damp but not waterlog ged . Adaptive success of 
these clovers in the Ethiopian highlands , therefore, implies that 
forage potential of clovers in the Ethiopian highlands can only be 
appreciated on a multi- species level . I n  other words, there appeared 
to be no clover as the one 'winner' for all situations . The 
coexistence of such numerous species in a small ecological territory 
could be a result of interspecific differentiation such as 
homosequential speciation , or speciation involving genetic isolating 
mechanisms which have initiated phyletic dichotomies or that due to a 
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geog raphic component such as allopat ric o r  sympatric isolations (193 ) .  
Ag ronomically , their dive rsity widens the scope of thei r 
forage significance, not only in te rms of thei r yielding potential as 
results have shown, but also in thei r  ability to exploit dive rse 
habitats which ma kes them available for alte rnative managements and 
usefulness. 
An aspect of g reat impo rtance , conce rns the me rit of 
nitrogen-fixation by native clove rs . In all expe riments, they we re 
not inoculated for lack of available Rhizobial inoculum and it did not 
seem necessa ry. Inoculations we re done on the exotic clove rs at a 
g reat deal of ca re, expense in time and money , and there was the 
ris k of inocula becoming rapidly obsolete as they had to be imported 
and often ar rived into Ethiopia late. Fa rme rs in that count ry would 
be less inclined to use an introduced clover if it naturally did not 
nodulate effectively. 
Int roduced species require app rop riate root nodule bacte ria 
to ensure their establishment in nit rogen - deficient soils . Success 
of inoculant depends on ability of int roduced Rhizobia to compete with 
indigeneous st rains fo r infection sites. Int roduced Rhizobia unde r 
climates which va ry seasonally can only su rvive if they rapidly 
multiply in high numbe rs ( 1 18 ) o r  else seed must frequently be 
inocul ated at planting time . 
Well nodulated legu mes respond bette r to added fe rtilizers 
and effective Rhizobia have been sh own to stimulate the upta ke of 
ions such as phospho rus by plants ( 25 ,  70 ). It is evident the refo re 
that native legumes offe r the best low cost alte rnative in their  
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management. 
Harper (85) suggested that intraspecific diversity in forage 
utilisation is most importan t  since single species use is the norm. He 
cited intrastrain studies in T. repens which demonstrated that high 
polymorphic characters made this clover an important forage species . 
Characteristics such as cynogenic glucosides affect forage 
acceptability to slugs, leaf marks have adaptive value as feeding 
images by sheep and Rhizobial infection intraspecifically are important 
quality parameters . These characters can vary even within a 1 m 2 
quad rat as work in the above clover has shown . 
Trifolium tembense i nvestigated for intra-strain differences 
showed large differences for a n umber of plant attributes . Data from 
discriminant analysis indicated that regions of collection were 
different both in morphological and edaphic characteristics under 
which distinct ecotypes have evolved due to either : 
1. a certain amount of out-crossing (at present unknown) , or 
2. directional adjustment of attributes unique to the 
environments from which the ecotypes were collected, or 
3. genotype diversity resultin g  from natural selection such as 
the difference in flowering, leaf-mark, and/or 
4. the effects of local biotic and edaphic forces. 
Fertilizer application to forage plants 1s  a new idea in many 
African countries yet to take shape and is still of much controversy 
among scientists (115, 1 52 ,  1 64 ,  1 66 ) . Some workers ( 1 9 1 ) maintain 
that even if local fertilizer sources were available at a low unit cost, 
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the exact knowledge of ferti I izer effects on different crops, the 
amounts, times and places at which they can be applied must be 
known and can only be obtained by preliminary research and it was 
on this idea that phosphate fertilizer was partially emphasized in this 
study. 
The Ethiopian clovers showed low phosphorus requirements 
and significantly large increases in seed and DM production when P 
was applied. Soil residual effects from applied phosphorus were also 
found suggesting that clovers grown in rotation with food crops could 
still benifit by residual from food crop fertilization. 
Soil data showed very low available P which probably has a 
part in natural selection of native clovers. Results did not appear to 
indicate high natural availability in bottomland sites from which 
various clover strains studied in Expt 1 were collected . Both soil 
and plant tissue analyses showed that quantities of some major and 
trace elements were sufficiently available apart from the apparent 
deficiency of available P. 
The cut-and-carry system - under which many annual clovers 
are already managed offer important  alternatives to communally grazed 
fodder in countries ·like Ethiopia . As in many tropical areas there is 
no legume yet which maintains its position strongly with tropical 
grasses part icularly under heavy grazing ( 1 00) . The cut-and-carry 
method on which this study was con ducted showed that large seed 
production beside yields were produced which are useful for plant 
replacement. Allowing for seed yields as suggested by data could 
disadvantageously result in quality deteriorat ion of the native 
clove rs . 
Resul ts indicated that high bulk of stem f raction was 
prevalent in many clovers which could h ave antiquality feeding 
effects in extended mature hay harvests . Assuming that seed 
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shatter, common to these clove rs, could be less seve re to result in a 
substantial seed tissue loss, the seed head component may sufficiently 
offe r a dieta ry compliment to offset negative effects of stem tissue 
aging ( 153) . Crude P rotein in seed head component was much highe r 
than in stem f raction to which it was second in bulk. 
Native clovers appear to rep resent species nar rowly endemic 
as they are rest ricted to a nar row geog raphic range in East Af rica. 
Within and beyond thei r area of adaptation , they a re still wild plants. 
Ande rson (8) noted that many wild ( native) species are unimportant 
because of the la rge numbe r of pests which they ca rry that makes 
them only ma rginal in ag ricultu ral importance . Such cases have been 
documented to occur in some N o rt h  Ame rican native species such as 
Glyccy r rhiza lepidota , (28) , and Hellianthus annuus , (8) , and 
appea rs to restrict thei r development into potentially useful crops. 
On the othe r hand, h isto rical cases also show that the once 
wild species which a re now impo rtant fo rages we re developed close to 
cente rs of their d ive rsity ( 1 76). For example , red c lover , T. 
p ratense , is said to be one of the oldest cultivated crops second in 
i mpo rtance to potatoe cul tivation in  Eu rope . The re 1s reason to 
suggest that Ethiop ian clove rs may have a simila r p romise as none 
showed any obvious pest p roblems in the course of this wo rk. 
The moist bottomlands are presently a source of fodde r in 
the Ethiopian and the obvious  preference of the native clovers to 
such conditions makes them more better adapted than introduced 
species. 
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Native clovers appeared to be stron gly determined by the 
prevailin g  seasonal moisture which affected growth compensatin g  
mechanisms. Effects of environmental factors on growth compensatin g  
mechanisms are documented in many l ife forms of higher plants (36) . 
For example, therophytes (an nuals) such as Poa an nua, Viola tricolor 
(and others) occasionally assume a hemicryptophatic form (i. e. plants 
with perennial shoots) in cold climates while chameaphytes (surface 
plants) become nonophanerophytes (shrubs) under subtropical 
conditions. A highly montane  environment may affect phanerophytes 
(aerial plants) by reducin g  them to chamaephytes . 
Results of this work indicate that native clovers, because of 
their great adaptati on , possess natural attributes which s houl d 
make them usefu l  as forage legumes for forage farming in the 
Ethiopian highlands. 
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Test S i te 
G eog rap h i c  locat ion  
A l t i t u d e  
Eco - c l imat ic  zon e  
Topog ra p h y  
So i l 
Type 
p H  
Tota l OM 
Ava i l a b l e  P 
A P P E N D I X  1 
C l imat ic  s u mma ry fo r S ho l a  s ite 
I LCA HQ at S he l a , A dd i s  Ababa , S h oa 
R eg ion . 
9 ° 00' N 
2380 m 
38 ° 75 ' E 
T rop i ca l h i g h l a n d s . 
Ro l l i ng p l a i n  w i th  mode rate d i s s ect ion . 
pe l l i c v e rt i so l . 
( 1 : 25 )  wate r 6 . 0 .  
5 % ( fa i r l y  h i g h ) . 
1 to 8 ppm ( low to v e ry low ) . 
1 93 
Ava i l a b l e  Ra i n fa l l  ( mm )  
1 980 1 981 
J a n . 0 . 0  0 . 0  
Feb . 85 . 8  23 . 8  
Ma r .  32 . 1  1 93 . 5  
Ap r .  0 . 0  85 . 9  
May 1 0 . 4  6 . 6  
J u ne 1 20 . 3  62 . 0  
J u ly 0 . 0  227 . 9  
A u g . 1 73 . 2  283 . 2  
Sep . 1 46 . 0  1 93 . 8  
Oct . 51 . 8  1 ·9 . 6 
Nov . 0 . 0  0 . 0  
Dec . 56 . 7  0 . 2  
Tota l 676 . 3  1 034 . 5  
Average a n n ua l  ra i nfa l l* 1 1 22 . 4  mm * ( 1 953 to 1 963) 
1 982 
27 . 8  
72 . 6  
85 . 8  
44 . 3  
94 . 7  
35 . 3  
244 . 8  
2 1 9 . 4  
1 99 .  1 
35 . 6  
35 . 2  
4 . 0  
1 095 . 6  
1 94 
Norma l* 
20 . 7  
26 . 3  
65 . 6  
86 . 6  
59 . 3  
1 1 6 .  2 
261 . 6  
258 . 7 
1 70 . 8  
40 . 1  
5 . 9  
1 0 . 6 
1 1 22 .  4 
J a n .  
Feb . 
Ma r .  
A p r . 
May 
J u n e  
J u ly 







Ma x M i n  
2-3 . 8  5 . 2  
24 . 6  6 . 0  
25. 2 1 0. 2  
24 . 5  1 0 . 7  
25 . 0  1 0 . 2  
23 . 4  9 . 5  
2 1 . 4  9 . 0  
20 . 4  9 . 9  
2 1 . 6  1 0. 0  
25 . 7  8 .  1 
2 1 . 4  6 .  1 
23 . 1  4 . 6 
23 . 3  8 . 3  
Temperatu re ° C 
1 981 
Ma x M i n 
23 8 
23 1 0  
2 1  1 2  
2 1  1 1  
23 1 0  
24 1 0  
20 1 1  
1 9  1 1  
20 1 0  
1 9  9 
22 64 
22 7 
2 1 . 4  9. 6 
1 982 
Ma x M i n 
2 1 . 9  9 .  1 
22. 3 1 1 . 4 
23. 1 1 0 . 6  
22. 1 1 1 . 2 
22 . 6  1 1 . 4  
22. 7 9 . 9  
1 9 . 9  1 0. 6  
1 9 . 0  1 0 . 9  
20 . 2  1 0 . 5  
20 . 3  9 . 2  
2 1 . 0  8. 6 
2 1 . 4  8. 1 
1 9 . 5 1 0 .  1 
Average a n n u a l  ma x imum  2 1 . 4  ( 1 9-25 . 25) ° C  
Average a n n ua l  m i n imum  9 . 3  (4 . 6 - 1 2 )  ° C  
1 95 
Mea n 
Ma x M i n  
22. 6 7. 5 
23. 3 9 .  1 
23. 1 1 0 . 9  
22. 5 1 0. 9  
23. 5 1 0 . 5  
23 . 4  9 . 8  
20 . 4  1 0 . 2  
1 9. 5  1 0 . 6  
20 . 6  1 0 . 2  
21 . 7 8. 7 
21 . 5  7 . 0  
22 . 2  6 . 6  
22 . 0  9 . 3  
1 96 
A P P E N D I X 2 
C l i mat i c  s u mma ry fo r Deb re Ze it  S ite 
Test s ite 
G eog rap h i c locat ion  
A l t itu de 
Eco - c l i mat i c zon e 
So i l 
Type 
pH 
Tota l OM 
Ava i l a b l e  P 
I LCA res ea rch  stat ion at Deb re Ze i t ,  S hoa 
Reg ion . 
8 ° 44 '  N ,  38 ° 58' E .  
1 920 m .  
S u bt rop i ca l  g ra s s l a n d . 
l i g h t  c l a y - l oa m  so i l 
a p p rox . 30 % c l a y  35 90 s i l t 34 90 s a n d . 
( 1 : 25 )  wate r 6 . 7 .  
5 9" o .  
4 . 8  p p m  ( ve ry l ow ) . 
Ava i l a b l e  Ra i nfa l l  ( mm )  
1 980 
J a n .  52. 9 
Feb. 1 8. 0  
Ma r. 25. 5 
A p r. 28. 1 
May 34. 5 
J u ne 1 1 4. 9 
J u ly 228. 5 
A u g. 1 91 . 4  
Sep. 64. 0 
Oct. 2 1 . 2  
Nov. 0. 0 
Dec . 0. 0 
Tota l 779. 0 
Ave rage a n n u a l  ra i nfa l l  864. 3 mm * ( 1 951 to 1 976) 
m .  d m i s s i ng data 






22 . 7 
276. 4 
1 72. 4 






Norma l * 
8 .  1 
1 8. 2  
39. 5 
61 . 7 
37. 6 
77. 1 
23 1 . 0  
239. 4 





J a n . 
Feb . 
Ma r .  
A p r· .  
May 
J u ne 
J u ly 





Tempe rat u re ° C  
1 980 
M i n M a x  
23 . 5  9 . 4  
23 . 5  1 2 . 2  
25 . 9  1 3 . 2  
25 . 9  1 3 . 9  
25 . 5  1 2 .  1 
2 1 . 4  1 2 . 8  
20 . 8  1 3 . 5  
20 . 6  1 3 . 3  
20 . 6  1 2 . 6  
2 1 . 6 1 1 . 1 
22 . 6  8 . 0  
2 1 . 3  6 . 8  
1 98 1  Mea n 
M i n  Ma x 
22 . 0  8 . 2  
22 . 1 1 1 .  2 
23 . 2  1 1 .  1 
22 . 3  1 0 . 6 
23 . 5  9 . 5  
23 . 2  1 0 .  1 
1 6 . 3 1 0 . 3  
1 8 . 4  9 . 8  
1 8 .  1 1 0 . 4  
m . d  m . d 
m . d  m . d  
m . d  m . d  
M i n 
22 . 7  
22 . 8  
24 . 6  
24 . 1 
24 . 5  
22 . 3  
1 8 . 6  
1 9 . 5  
1 9  . 4  
2 1 . 6  
22 . 6  
2 1 . 3  
Tota l 273 . 2  1 38 . 9  1 89 .  1 9 1 . 2  264 . 0  
Average 22 . 8  1 1 . 6 2 1 . 0  1 0 .  1 22 . 0  
A v e rage a n n u a l  m a x i m u m : 2 1 . 9  ( 1 6 . 3  - 25 . 9 ) ° C  
A v e rage a n n u a l  m i n im u m :  1 0 . 9  ( 6 . 8  - 1 3 . 5 ) ° C  
m . d  m i s s i n g  d ata 
1 98 
Ma x 
8 . 8  
1 1 . 7 
1 2 .  1 
1 2 . 3  
1 0 . 8 
1 1 . 5 
1 1 . 9 
1 1 . 6 
1 1 . 5 
1 1 . 1 
8 . 0  
6 . 8  
1 28 .  1 
1 0 .  7 
1 99 
A P P E N D I X  3 
C l i mat i c  s umma ry fo r Deb re B e rh a n  s i te 
Test  S i te 
G eog ra p h ic locat ion  . 
A l t i t ude 
Eco - c l i mat i c  zon e 
Topog ra p h y  
So i l 
Type 
p H  
Tota l N 
Tota l OM 
Ava i l ab l e  P 
I LCA a t  Deb re B e rh a n ,  S hoa Reg ion . 
9 ° 3 1 ' N 39 ° 28 ' E .  
2800 m 
H i g h l a n d  g ra s s l a n d . 
Rol l i n g p l a i n  w i th  mode rate d i s sect ion . 
u p l a n d a l f i so l s - s h a l low , red to b rown i s h ; 
bottom l a n d - vert i c  soi l s . 
( 1 : 25 )  wate r 6 . 0 .  
0 . 0056 - 0 . 0644 % .  
4 . 3  - 4 . 6  % .  
va r i a b l e  
u p l a n d  7 . 2  ppm . 
bottom l a n d : 2 . 2  p pm 
Ava i l a b l e  Ra i n fa l l  ( mm)  
1 980 1 98 1  
J a n . 0 . 0  0 . 0  
Feb . 1 7 . 0  0 . 0  
Ma r .  1 . 0 1 6 1 . 3  
Ap r .  59 . 5  48 . 3  
May 24 . 8  0 . 0  
J u ne  47 . 0  1 8 . 5 
J u ly 332 . 2  389 . 4  
Aug . 377 . 2  244 . 1 
Sep . 1 3 1 . 1 1 1 9 .  2 
Oct . 59 . 6  24 . 3  
Nov . 1 8 . 4  0 . 0  
Dec . 0 . 0  2 . 0  
Tota l 067 . 8  1 007 . 0  
Average a n n u a l  ra i nfa l l* 958 . 8  mm 
* ( 1 954 to 1 967 ) 
1 982 
34 . 1  
29 . 2  
35 . 3  
60 . 5  
66 . 4  
1 4 . 3  
232 . 6  
400 . 5  
80 . 8  
49 . 4  
9 . 0 
1 . 2 
1 0 1 3 . 3  
200 
No rma l* 
1 2 . 7  
7 . 6  
60 . 9  
34 . 9  
33 . 6  
42 . 7  
330 . 4  
279 . 4  
95 . 9  
34 . 3  
20 . 7  
5 . 7  
958 . 8  





J u ne 








Temperatu re ° C  
1980 
Ma x Mi n 
19. 0 
20. 3  
2 1. 6  
· 21. 2 
22. 7 
2 1. 5  
17.9  
17. 2  

















Ma x M i n  
19. 5 4. 8 
20. 2 5. 5 
18. 5 8. 7 
18. 8 8. 3 
2 1 . 0  8. 1 
22.9  5. 6 
17. 9  8. 7 
17 . 4  7. 9 
17 . 3  6 . 7  
17. 4 4. 1 
17 . 9  1. 4 
18 . 1 2. 3 
214. 8  77. 1 226.9  72. 1 
17. 9 6. 4 18.9  6. 0 
1982 
Ma x M i n  
18. 1 6. 9 
18 . 9  8. 4 
20. 0 7. 0 
18. 9  8. 3 
19. 7 7. 4 
22. 3 5. 5 
19. 1 7. 1 
16. 7 8. 5 
17. 4 7 .  1 
16. 6 4. 1 
18. 4 4 . 8  
18. 2 4 . 4  
224 . 3  79. 5 
18. 7 6 . 6  
Average a n n u a l  ma x imum 18. 5 ( 16. 6  - 22 . 9 )  ° C  
Average a n n u a l  m i n imum 6. 3 ( 1  . 4  0 8. 7 )  0 c 
201 
.. Mea n 
Ma x M i n  
18 . 9  5. 8 
19. 8 7. 0 
20. 0 7. 8 
19. 6 8. 1 
2 1 . 1 7. 7 
22. 2 5. 9 
18. 3 8. 2 
17 . 1 8. 2 
17 . 5  6. 9 
17 . 2  4. 0 
18. 1 3. 6 
18. 2 3. 0 
227 . 9  76. 1 
18 . 9  6. 3 
202 
A P PEN D IX 4 
A Summary of the Accession s  Col l ected and Screened in Experimen t  1 . 
P l  I LCA Site 
N o  No ( km )  
1 8285 235 
2 81 06 1 7 1  
3 8764 220 
4 8363 1 80 
5 81 62 31 2 
6 8359 1 70 
7 81 89 222 
8 7 
9 8541 230 
1 0  8336 1 0 1 
1 1  81 2 1  1 84 
1 2  5789 31 0 
1 3  8258 283 
1 4  8001 39 
1 5  8255 273 
1 6  8220 1 50 
1 7  81 93 398 
1 8  81 42 232 
1 9  8504 93 
20 8020 1 68 
2 1  8758 260 
22 8045 1 81 
Major Road 
( ETCA) 
Sheshamane-Dodol a  
Asel a-Dodol a  




Asel a-Dodol a  
Near Addis 
Gudal ima in Gojjam 
Addis-Ambo 
Asel a-Dodol a  




Shashemane-Dodo la  
Debre Berhan-Jihur 
Dodol a-Goba 
Ase l a-Dodola  
Addis-Wayo ( Gojjam) 
Addis-An kober 




( m )  
1 850 
























Asela  Massif 
SW Plateau 
Shoan Pl ateau 
Bale Massif 
Shoan P l ateau 
Asela  Massif 
Shoan P l ateau 
NW Highl ands 
Shoan Pl ateau 
Asela Massif 
NW Highl ands 
Asela Massif 
Shoan Pl ateau 
Asela Massif 
NW Highl ands 
Bale Massif 
Asela Massif 
NW Highl ands 
Shoan Pl ateau 














8 1  
45 
1 2  
45 




1 2  
56 
1 2  
A p pen d i x  4 ( cont i n u ed ) 
P l  I LCA S ite 
No No  ( km)  
1 5  8255 273 
1 6  8220 1 50 
1 7  8 1 93 398 
1 8  8 1 42 232 
1 9  8504 93 
20 8020 1 68 
2 1  8758 260 
22 8045 1 81 
23 8692 528 
24 8 1 44 242 
25 8034 139 
26 801 5  89 
27 8 1 78 348 
28 851 0 
29 8054 1 52 
30 8042 1 9 1 
3 1  8049 1 62 
32 81 98 388 
33 8029 1 49 
34 86 1 2  380 
Major  Road 
( ETCA ) 
S h a s h ema ne- Dodo l a  
Deb re Berh a n -J i h u r  
Dodo l a - G oba 
A s e l a - Dodol a 
Add i s -Wayo ( Gojj a m )  
Add i s - A n  kobe r 
Add i s -We l ayata Sodo 
Deb re Berh a n - Deb re 
S i n a 
A rba  M i n ch - C h e n c h a  
Ase l a - Dodol a 
Add i s - A n  kob e r  
3 0  k m  befo re 
Deb re Berh a n  
Dodo l a - Goba 
F i ch e ;  1 km off 
F i che  ma i n  roa d  
Deb re Berh a n -
Deb re S i n a 
Ta rma be r - S e l  a d e n g a y  
Deb re Beb ra n -
Deb re S i n a 
Dodo l a - Goba 
Add i s - A n  kober  
Dodo l a - Goba 
A l t . 



















3 1 80 
3520 
E x p lo red 
A rea 
Ase l a  Ma s s i f 
NW H i g h l a n d s  
B a l e  Ma s s i f  
Ase l a  Ma s s i f 
NW H i g h l a n d s  
S h oa n P l atea u 
SW P l atea u 
N E  S h oa n 
SW P l atea u 
A s el a  Ma s s if 
S hoa n P l atea u 
S hoa n P l atea u 
B a l e  Ma s s if 
NW H i g h l a n d s  
N E  S hoa n 
NW H i g h l a n d s  
N E  S hoa n 
B a l e  Ma s s if 
S hoa n P l atea u 
B a l e  Ma s s if 
P l  denotes P l a nt I n t rod u ct i o n  ( st ra i n )  n u mbe r . 
( ETCA ) Eth iop i a n  T ra n s po rt a n d  Con s t r u ct i o n  Agency l abe led 
d i sta n ces . 
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D RA A  
45 
1 2  
45 
45 
8 1  
1 2  
56 
1 2  
56 
45 
1 2  
1 2  
45 
8 1  
1 2  
1 2  
1 2  
45 
1 2  
45 
APPEN DIX 5 
L ines of Annual C lovers Used i n  Ex periment 9. 
I LCA 
Pl No 















CV . Mt. Barker 
T .  resup inatum 
CV . Maraia I 
T. quart inianum 
T. ale x andri num 
CV . Berseem 
T. quartin ianum 
(Ecotype 2 ) 
Total 
Shola 
(N ) X 
(N ) X 
(N ) X 
(N ) X 
(E ) X 
(E) X 
( N )  X 
(E ) X 
( N )  
X 
9 
N = Nati ve, E = Exot i c  species for comparisons. 









A P P E N D I X  6 
Seeding rates based on sieve sizes fo r various c lovers 
u sed in e xperiments 6 and 9. 
Species Name 1 / 1 5  1 /16 
T .  schimeeri X 
T .  g u a rt in i an um X 
T .  tembense 
T .  steudneri 
T .  decoru m  
T .  ruepeellianum 
Sieve Sizes 
I nches 







1 0. 0  
10 . 0  
8. 2 
7 . 9 
7 . 5 
X 6. 0 
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A P P E N D I X  7 






T. baccarini  
T. po lystachyum 
T. quartinianum 
T. quartinianum 
( Ecotype 2 )  
I LCA 










cv . Northerm from West 
Austral ia in 1 980. Said to 
contain 40<1, hard seed . Very 
early f lowering . 
Seed increased at Shola in 
1982 . Probably co l lected 
from She l a. 
Col lected Shela 1 981. 
I ncreased I LCA Deb re Zeit 
1982. 
Col lected from Bako 1 98 1 . 
Col lected I LCA Deb re Berhan 
_1980. I ncreased She la 1982. 
I ncreased Shela 1982. 
Col lected at She la  1 981. 
Col lected 1 981  from 
Gudalima , Gojj am. I ncreased 
Shola  1 982. 
Co l lected from Genboat 
Micheal 1 981 . I ncreased at 
Sho la  1 982. 
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APPEND I X  8 
Clover L ines Planted in Unreplicated Strip s  in the Debre Berhan 













T. burchell i anum 
var. johnstonii 
(nat ive perennial )  
T .  calocephalum 
(nat i ve perennial ) 
T. polystachyum 
( nat ive perennial )  
T. cryptopodi u m  
(native perennial) 
T. baccarini 
(nati ve perennial ) 
T. s imense 
(nati ve perennial ) 
T. tembense 
(native annual)  
T.  steu dneri 
(nati ve annual)  
T. s ubterraneum 
cv. Yarloop 
(e xotic annual)  
Where Collected From 
Aricho mo u ntains between 
Dodola-Goba at 32 50 m asl 
Addi s Ababa water s u pply : 
2 500 m 
From Shela seed increase. 
7 km NE I LCA HQ in Addis 
Ababa at 2430 m. 
Between Dodola - Goba at 
2630 m. 
Provi ded by I AR, Holetta. 
Collected from Kuyu 1982. 
From Shela seed increase, 
1982. 
Collected Shola 1981 .  
I ncreased Debre Zeit 1982. 
From Kimberley Seeds Ltd. 
West A u stralia 
2 07 
( A ppend i x  8 cont i n u ed )  
I LC A  




S pec i es 
T .  s u bte r ra n e u m  
CV . T r i ka l a  
( exot i c  a n n u a l )  
T .  s u bte r ra n e u m  
CV . La r i s s a  
( exot i c  a n n u a l ) 
T .  s u bte r ra n e u m  
CV . Meteo ra 
( exot i c  a n n ua l )  
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W h e re Col l ected F rom 
F rom K i m ber l ey S eed s Ltd . 
West A u st ra l i a 
F rom K i mber l ey Seeds Ltd . 
West A u st ra l i a 
F rom K imber l ey Seed s Ltd . 
West A u st ra l i a 
